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RELATED APPLICATIONS 

[0001J This application is continuation-in-part of co-pending applications U.S. Serial Numbers 08/160 232 and 
08/159,674, filed concurrently herewith on November 30. 1993. which are continuations-in-part of copending applica- 
tion U.S. Serial No. 076.239 filed June 11. 1993. which Is a continuation-in-part of copending application U S Serial 
No. 717.084 and U.S. Serial No. 716.899. both of which were filed June 18. 1991. which In turn are a corninuation-in- 
part of U.S. Serial No. 569.828. Bed August 20. 1990. which in turn is a continuation-in-part of application U.S. Serial 
No. 455.707. filed December 22. 1989. The disclosures of each of these patent applications a 
by reference In their entirety. 




Background of the Invention 

[0003] A variety of Imaging techniques have been used to detect and diagnose disease in animals ar. ..... . . „ 

rays represent one of the first techniques used for diagnostic imaging. The Images obtained through this technique 
mflprt nm pipnmn .-.» «»»» < » ~~> ■ -h as barium or iodine have been used ov 



are known to be somewhat dangerous, since the radiation employed in X-rays is ionizing, and the various deleterious 
effects of Ionizing radiation are cumulative. 

[0004] Another important imaging technique is magnetic resonance imaging (MRJ). This technique, however, has 
various drawbacks such as expense and the fact that it cannot be conducted as a portable examination. In addition. 
MRI is not available at many medical centers. 

[0005] radionuclides, employed in nuclear medicine, provide a further imaging technique. In employing this tech- 
nique, radionuclides such as technetium labelled compounds are injected into (he patient, and images are obtained 
from gamma cameras. Nuclear medicine techniques, however, suffer from poor spatial resolution ar 
or patient to the deleterious effects of radiation. Furthermore, the handling and disposal of ra 



[0008] Ultrasourrftearwtherdiagnosfc^ 

not expose the patient to the harmful effects of ionizing radiation. Moreover, unlike magnetic resonance Imaging ul- 
trasound e relatively inexpensive andean be conducted as a portable examination. In using the ultrasound technique, 
sound fs transmitted into a patient or animal via a transducer. When the sound waves propagate through the body 
they encounter Interfaces from tissues and fluids. Depending on the acoustic properties of the tissues and fluids In the 
body, the ultrasound sound waves are partially or wholly reflected or absorbed. When sound waves are reflected by 
an interface they are detected by the receiver in the transducerand processed to form an Image. The acoustic properties 
of the tissues and fluids within the body determine the contrast which appears in the resultant image 
[0007] Advances have been made in recent years In ultrasound technology. However, despite these various tech- 
nological improvements, ultrasound is still an Imperfect tool in a number of respects, particularly with regard to the 
Imaging and detection of disease in the river and spleen, kidneys, heart and vasculature, including measuring blood 
flow. The ability to detect and measure these regions depends on the difference hi acoustic properties between tissues 
or fluids and the surrounding tissues or fluids. As a result, contrast agents have been sought which wiD Increase the 
acoustic difference between tissues or fluids and the surrounding tissues or fluids in order to Improve ultrasonic imadno 
and disease detection. 

[0008} The principles underlying image formation in ultrasound have directed researchers to the pursuit of gaseous 
conbast agent. Changes in acoustic properties or acoustic impedance are most pronounced at interfaces of different 
substances with greatly differing density or acoustic impedance, particularly at the interface between solids, liquids 
• ■ • sound encounter such interfaces, the changes in acoustic impedance result in a 



the efficiency or reflection of sound is the elasticity of the reflecting interface. The greater the elasticity of this interface 
the more efficient the reflection of sound. Substances such as gas bubbles present highly elastic Interfaces. Thus, as 
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a resuftof the foregoing principles, researchers have focused on the development of ultrasound contrast agents based 
on gas bubbles or gas containing bodies and on the development of efficient methods for their preparation 
10009] Ryan et al.. in U.S. Patent 4.544.545. disclose phospholipid liposomes having a chemically modified choles- 
terol coating. The cholesterol coaling may be a monolayer or bilayer. An aqueous medium, containing a tracer, thera- 
peutic, or cytotoxic agent, is confined within the liposome. Liposomes, ha vlng a diameter of 0.001 microns to 10 microns 
are prepared by agitation and ultrasonic vibration. 

[00101 DArrigo. tn U.S. Patents 4.684,479 and 5.215.680. teaches a gas-in-fiquid emulsion and method for the pro- 
duction thereof from surfactant mixtures. U.S. Patent 4.684,479 discloses the production of liposomes by shaking a 
solutJonof the surfactant in a liquid medium in air. U.S. Patent 5.215.6B0 is directed to a large scale method of producing 
lipid coated microbubbles including shaking a solution of the surfactant in liquid medium in air or other gaseous mixture 
and filler sterilizing the resultant solution. 

[00111 WO 80/02365 disctosas the production of microbubbles having an inert gas. such as nitrogen; or carbon 
dioxide, encapsulated In a gellable membrane. The liposomes may be stored at low temperatures and warmed prior 
and during use in humans. WO 82/01642 describes microbubble precursors and methods for their production The 
microbubbles are formed in a liquid by dissolving a solid material. Gas-filled voids result, wherein the gas is 1.) produced 
from gas present in voids between the micropartides of solid precursor aggregates. 2.) absorbed on the surfaces of 
particles of the precursor. 3.) an integral part of the internal structure of particles of the precursor. 4.) formed when the 
precursor reacts chemically with the liquid, and S.) dissolved in the liquid and released when the precursor Is dissolved 



[0012] In addition. Feinstein. in U.S. Pa 
bubbles for the purposes of ultrasound. 
[0013] Widder. in U.S. Patents 4.572.203 and 4,844.882, discloses a method of ultrasonic imaging and a microbub- 



ts 4.718.433 and 4.774,958. teaches Iha use of albumin coated mJcro- 



[0014] Quay, m WO 93/05819. describes the use of agents to form microbubbles comprising especially selected 
gases based upon a criteria of known physical constants, including 1) size of the bubble. 2) density of the gas 3) 
solubility of the gas in the surrounding medium, and 4) diffusMty of the gas into the medium. 
[0015] Kaufman et at., in U.S. patent 5.1 71.755, disclose an emulsion comprising an highly fluorinated organic com- 
pound, an oil having no substantial surface activity or water solubility and a surfactant Kaufman et al. also teach a 
method of using the emulsion in medical applications. 

[0016] Another area of significant research effort is In the area of targeted drug delivery. Targeted delivery means 

.r^^^Tf"!^^ "J!?^ 3n iSSue - Spedfic th8rapeuBc delive 'y roelhods Potentially serve to minimize 
toxic side effects, tower the required dosage amounts, and decrease costs for the patient 

rnrun « ^ , , >te. to living eeBs is 

ic material to living 



id aqueous-filled liposomes. These methods have all been relatively ineffective In vivo 
and only of limited use for cell culture transfection. None or these methods potentiate local release, delivery and Inte- 
gration of genetic material to the target ceU. 

[0018] Better means of delivery for therapeutics such as genetic materials are needed to treat a wide variety of 

protein transcription but relatively little progress has been made In^lrverir^gS^rr^fc^^ 
human and animal disease. 

A principal difficulty has been to deliver the genetic material from the extracellular space to the ki 



have been tried In vivo but without great success. For example, viruses such as adenoviruses and retroviruses have 
been used as vectors to transfer genetic material to cells. Whole virus has been used but the amount of genetic material 
that can be placed inside of the viral capsule is limited and there is concern about possible dangerous interactions that 
might be caused by live virus. The essential components of the viral capsule may be Isolated and used to carry genetic 
material to selected cells. In vivo, however, not only must the delivery vehicle recognize certain cells but it also must 
be delivered to these cells. Despite extensive work on viral vectors, it has been difficult to develop a successfully 
targeted viral mediated vector for delivery of genetic material In vivo. 

10020] Conventional. Squid-containing liposomes have been used to deliver genetic material to cells in cell culture 
but have mainly been ineffective rn vivo for cellular delivery of genetic material. For example, cationlc liposome trans- 
fection techn.ques have not worked effectively in vivo. More effective means are needed to improve the cellular delivery 
of therapeutics such as genetic material. 
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SUMMARY OF THE INVENTION 

[0022J The present Invention provides methods and apparatus for preparing temperature activated gaseous precur- 
sor-filled liposomes suitable for use as contrast agents for ultrasonic imaging or as drug delivery agents. The methods 
of the present Invention provide the advantages, for example, of simplicity and potential cost savings during manufac- 
turing ol temperature activated gaseous precursor-filled liposomes. 

I0023J Preferred methods for preparing the temperature activated gaseous precursor-filled liposomes comprise 
shaking an aqueous solution comprising a lipid in the presence of a temperature activated gaseous precursor at a 
temperature below the gel state to liquid crystalline state phase transition temperature of the lipid. 
[0024] Unexpectedly, the temperature activated gaseous precursor-filled liposomes prepared in accordance with the 
methods of the present invention possess a number of surprising yet highly beneficial characteristics. For example, 
gaseous precursor-filled liposomes are advantageous due to their bfocompatibility and the ease with which lipophilic 
compounds can be made to cross cell membranes after the liposomes are ruptured. The liposomes of the invention 
also exhibit Intense echogenicity on ultrasound, are highly stable to pressure, and/or generally possess a tang storage 
life, either when stored dry or suspended in a liquid medium. The echogenicity of the liposomes Is of Importance to the 
diagnostic and therapeutic applications of the liposomes made according to the invention. T 



It Is believed that the fie 



mutation or targeting of these liposomes to tissues such as tumors. 



le present invention thus 
st Imaging. When inside an aqueous or tissue media, the gaseous 
ss an interface for the enhanced absorption of sound. The gaseous precursor-filled 
liposomes are therefore useful in Imaging a patient generally, and/or In diagnosing the presence of diseased tissue in 



of oxygen 17; paramagnetic ions such as Mn*2. Gd* Fe<>; iron oxides or magnetite and may thus be used 

as susceptibility contrast agents for magnetic resonance imaging. Additionallv. for examnln the racnvrc 
filled liposomes made according to the present invention may contain radioopa 



[0027] The temperature activated gaseous precursor-filled liposomes are also particularly useful as drug carriers 
Unlike liposomes of the prior art that have a liquid Interior suitable only for encapsulating drugs that are water soluble.' 
the gaseous precursor-filled liposomes made according to the present invention are particularly useful for encapsulating 
lipophilic drugs. Furthermore, lipophilic derivatives of drugs may be incorporated into the Hpk) layer readily such as 
alkylated derivatives of metallocene dihaBdes. Kuo et al.. J. Am. Cham. Sec. 1991, 113, 9027-9045. 

BRIEF DESCRIPTION OF THE FIGURES 



FIGURE 1 is a view, partially schematic of a preferred apparatus according to the present Invention for preparing 
the gaseous precursor-filled liposome microspheres of the present invention. 
FIGURE 2 shows a preferred apparatus for fitterin 



filled liposome microspheres of the present invention. 

FIGURE 3 shows a preferred apparatus for filtering and/or dispensing therapeutic containing gaseous pr 
filled liposome microspheres of the present invention. 
FIGURE 4 is an exploded view of a portion of the apparatus of Figure 3. 

FIGURE 5 Is a micrograph which shows the sizes of gaseous precursor-fiBed liposomes of the invention before 
(A) and after (B) filtration. 

FIGURE 6 graphically depicts the size distribution of gaseous precursor-fiJIed liposomes of the invention before 
(A) and after (B) filtration. 

FIGURE 7 is a micrograph of a lipid suspension before (A) and after (B) extrusion through a fitter. 
FIGURE 8 is a micrograph of gaseous precursor-filled liposomes formed subsequent to filtering and autoclaving 
a Hpid suspension, the micrographs having been taken before (A) and after (B) sizing by filtration of the gaseous 
precursor-filled liposomes. 

FIGURE 9 is a diagrammatic illustration of a temperature activated gas 
temperature activation. The liposome has a multilamellar membrane. 
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natic illustration of a temperature activated liquid gaseous precursor-fated liposome after 
temperature activation of the liquid to gaseous state resulting In a unilamellar membrane and expansion of the 



DETAILED DESCRIPTION OF THE INVENTION 

[0029] The present invention is directed to methods and apparatus for preparing temperature activated gaseous 
precursor-filled liposomes. Unlike the methods of the prior art which are directed to the formation of liposomes with an 
aqueous solution filling the Interior, the methods ofthepresentinventjonare directed to the preparation of liposomes 

[0030J As used herein, the phrase "temperature activated gaseous precursor- denotes a compound which, at a 
selected activation or transition temperature, changes phases from a liquid to a gas. Activation or transition temperature, 
and like terms, refer to the boiling point of the gaseous precursor, the temperature at which the liquid to gaseous phase 
transition of the gaseous precursor takes place. Useful gaseous precursors are those gases which have boiling points 
in the range of about -100° C to 70° C. The activation temperature is particular to each gaseous precursor. This concept 
Is illustrated in Figures 9 and 10. An activation temperature of about 37° C, or human body temperature, is preferred 
for gaseous precursors of the present invention. Thus, a Gquid gaseous precursor is activated to become a gas at 37° 
C. However, the gaseous precursor may be in liquid or gaseous phase for use in tha methods of the present invention. 
The methods of the present invention may be carried out below the boiling point of the gaseous precursor such that a 
liquid is Incorporated Into a microsphere. In addition, the methods may be performed at the boiling point of the gaseous 
precursor such that a gas is incorporated into a microsphere. For gaseous precursors having low temperature boiling 
points, liquid precursors may be emulsified using a rmcroftuidizer device chilled to a low temperature. The boiling points 
may also be depressed using solvents in liquid media to utilize a precursor In liquid form. Alternatively, en upper Emit 
of about 70* C may be attained with focused high energy ultrasound. Further, the methods may be performed where 
the temperature is Increased throughout the process, whereby the process starts with a gaseous precursor as a Dquid 
and ends with a gas. 

[0031] The gaseous precursor may be selected so as to form the gas in situ In the targeted tissue or fluid, in vivo 
upon entering the patient or animal, prior to use. during storage, or during manufacture. The methods of producing the 
temperature-activated gaseous precursor-filled microspheres may be earned out at a temperature below the boiling 
ST'taie p^ 9a tra^tro re *^" ^ Tu^^ufcT precursor is entra PP e<1 v/mn a microsphere such 

manufactured in the liquid phase of the gaseous precursor. Activation of the phase transition may take placTaTa^y 
time as the temperature Is allowed to exceed the boiling point of the precursor. Also, knowing the amount of liquid in 
a droplet of Squid gaseous precursor, the sire of the liposomes upon attaining the gaseous state may be determined. 
[0032J Alternatively, the gaseous precursors may be utilized to create stable gas-filled microspheres which are pre- 
formed prior to use. In this embodiment, the gaseous precursor Is added to a container housing a suspending and/or 
stabilizing medium at a temperature below the liquid-gaseous phase transition temperature of the respective gaseous 
sor. As the temperature is then exceeded, and an emulsion is formed between me gaseous precursor and liquid 
n. the gaseous precursor undergoes transition from the liquid to the gaseous state. As a result of this heating 
and gas formation, the gas displaces the air In the head space above the liquid suspension so as to form gas-filled 
lipid spheres which entrap the gas of the gaseous precursor, ambient gas (e.g. air) or coentrap gas state gaseous 
precursor and ambient air. This phase transition can be used for optimal mixing and stabilization of the contrast medium 
For example, the gaseous precursor, perfluorobutane, can be entrapped 
beyond 3° C (boiling point of perfluorobutane) liposome Uy entrapped flu 



stabilizing agents such as glycerol or propylene glycol and ve 



commercial vortexer. Vortexing is commenced 
at a temperature tow enough that the gaseous precursor Is liquid and is continued as the temperature of the sample 

m gaseous state during the mlcroemulsification process. In the presence of the appropriate stabilizing agents, sur- 



[0033] Accordingly, the gaseous precursors of the present invention may be selected to form a gas-filled liposome 
time prior to use. P 9 ted posomems/fo.dunng the manufactunng process, on storage, or at some 

[0034] As a further embodiment of this invention, by preforming the liquid state of the gaseous precursor into an 
aqueous emulsion and maintaining a known size, the maximum size of the mlcrobubble may be estimated by using 
the idea gas law, once the transition to the gaseous state Is effectuated. For the purpose of making gaseous micro- 
spheres from gaseous precursors, the gas phase is assumed to form Instantaneously and no gas in the newly formed 
mlcrobubble has been depleted due to diffusion into the liquid (generally aqueous in nature). Hence, from a known 
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liquid volume in the emulsion, one actually would predict an upper limit to the size of the gaseous lipv^.... ; . 
[0035] Pursuant to the present Invention, an emulsion of lipid gaseous precursor-containing liquid droplets of defined 
size may be formulated, such that upon reaching a specific temperature, the boiling point of the gaseous precursor 
the droplets will expand into gas liposomes of defined size. The defined size represents an upper limit to the actual 
size because factors such as gas diffusing into solution, loss of gas to the atmosphere, and the effects of increased 
pressure are factors for which the Ideal gas law cannot account. 

|0036) The ideal gas law and the equation for calculating the increase m volume of the gas bubbles on transition 
from the liquid to gaseous states foaows: 
[0037J The ideal gas law predicts the following: 

PV=nRT 



n = moles of gas 
T = temperature in °K 

R = ideal gas constant = 22.4 L atmospheres deg- 1 mote-« 
[0038] Withkr 

numberrf moles) of liquid precursor as well as the volume of liquid precursor, a priori, may be calculated, which when 
converted to a gas. win expand into a liposome of known volume. The calculated volume will reflect an upper Emit to 
U* size of the gaseous liposome assuming instantaneous expansion into a gas liposome and negligible dl 
the gas over tho time of the expansion. 
(0039] Thus, stabilization of the pre* 



the volume of the precursor droplet may be determined by Ihe equation: 



&y the precursor droplet is spherical. 



Volume (sphere) = 4/3 nr 3 



r = radius of the sphere 

teamed- <9aseous P recws0f ) ta «» d «>P'e« ™V be determined. In more descriptive terms, the following can 
V 8aj = 4/3s(r 9iis ) 9 

by the ideal gas law. 



(A) n = 4/3 [w^ P/RT amount n = 4/3 [ar^ P/RT] • MW, Converting back to a liquid volume 

m Vs, = [4/3 [nr BM 3] P/RT] • MWJO) where D = the density of the precursor Solving for the diameter of the liquid 
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(C) diameter/2 = [3/4n [4/3 ■ [rtr SM 3] P/RT] MW„/D]'« which reduces to Diameter = 2[[r 8M 3j p/RT fAtvVDJjw* 
[0041] 

. . . . „ r — ,_.jts to the a| 

100421 A representative gaseous precursor may be used to form a microsphere of defined su*. , u c«..,j« B , ,„ 
microns diameter. In this example, the microsphere is formed in the bloodstream of a human being, thus the typical 
temperature would be 37° C or 310° K. Al a pressure of 1 atmosphere and using the equation in (A), 7.54 x 1 0r 17 moles 
of gaseous precursor would be required to fin the volume of a 10 micron diameter microsphere. 
[00431 Using the above calculated amount of gaseous precursor, and 1-fluorbbutane. which possesses a molecular 
weight of 76.11. a boiling point of 32.5° C and a density of 6.7789 grams/mL-' at 20° C, further calculations predict 
0181,5.74 x 10-« grams of this precursor would be required for a 10 micron microsphere. Extrapolating further, and 
armed with the knowledge of the denary, equation (B) further predicts that 8.47 x 10-« mLs of liquid precursor are 
necessary to form a microsphere with an upper limit of lOmtcrons. 

[0044] Finally, using equation (C), an emulsion of lipid droplets with a radius of 0.0272 microns or a corresponding 
diameter of 0.0544 microns need be formed to make a gaseous precursor filled microsphere with an upper Emit of a 
10 micron microsphere. 

[0045] An emulsion of this particular size could be easily achieved by the use of an appropriately sized filter. In 



filter would also suffice to remove any possible bacterial contaminants and, hence, « 
as well. 

[0046] This embodiment of the present invention may be appBed to all gaseous precursors activated by temperature. 
In fact depression of the freezing point of the solvent system allows the use gaseous precursors which would undergo 
liquid-to-gas phase transitions at temperatures below 0* C. The solvent system can be selected to provide a medium 
for suspension of the gaseous precursor. For example. 20% propylene glycol misdWe In buffered saline exhibits a 
freezing point depression well below the freezing point of water alone. By increasing the amount of propylene glycol 
or adding materials such as sodium chloride, the freezing point can be depressed even further. 
[0047] The selection of appropriate solvent systems may be explained by physical methods as wall. When substanc- 
es, solid or liquid, herein referred to as solutes, are dissolved in a solvent, such as water based buffers for example 
the freezing point is lowered by an amount that is dependent upon the composition of the solution. Thus, as defined 
by Wall, one can express the freezing point depression of the solvent by the following: 

Inx. = In (1 - x„) = &H„JH(m 0 - 1/T) 



x, = mole fraction of the solvent 
x„ = mole fraction of the solute 
AH^ = heat of fusion of the solvent 
T„ = Normal freezing point of the solvent 



x" = AH^/RU-V^T] - AH to AT/RT„ 2 

w the change in temperature AT Is small compared to Tj. The above equ 
can be simplified further assuming the concentration of the solute (in moles per thousand grams of solvent) « 
expressed in terms of the molality, m. Thus, 



Ma = Molecular weight of the solvent, and 

m = molality of the solute in moles per 1 000 grams. 
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10050] Thus, substituting for the fraction x,,: 



AT = lM,RT o 2 /1000AH, UJ ] m 



Kj=M (| RT o Vl000AH ftls 

water' t b tnxxThere M *"* mo l^^ re ^ 9 P 0 ^ 1 . and te t0 186 degrees per unit of motal concentration for 
of gaseous-precursor fined microsphere solutions of trie'present taventton*^ 0 ' 1 ' ttetemi ' ne m ° Ial freezin 9 P 01 " 1 
[0052] Hence, the above equation can be applied to estimate freezing point depressions and to determine the ap- 
propriate concentrations of liquid or solid solute necessary todepress the solvent freezing temperature to an appropriate 

(0053] Methods of preparing the temperature activated gaseous precursor-filled liposomes include; 

vortexing an aqueous suspension of gaseous precursor-filled liposomes of the present Invention; variations on 
this method include optionally autodavfng before shaking, optionally heating an aqueous suspension of gaseous 
precursor and lipid, optionally venting the vessel containing the suspension, optionally shaking or permitting the 
gaseous precursor liposomes to form spontaneously and cooling down the gaseous precursor filled liposome sus- 
pension, and optionally extruding an aqueous suspension of gaseous precursor and lipid through a filter of about 
0.22 urn. alternatively, filtering may be performed during in vivo administration of the resulting liposomes such thai 
a filter of about 0.22 um is employed; 

a microerrrulslficatlon method whereby an aqueous suspension of gaseous precursor-filled liposomes of the 
present Invention are emulsified by agitation and heated to form microspheres prior to administration to a patient: 

forming a gaseous precursor in lipid suspension by heating, and/or agitation, whereby the less dense gaseous 
precursor-filled microspheres float to the lop of the solution by expanding and displacing other microspheres in 
the vessel and venting the vessel to release air. 

10054] Freeze drying is useful to remove water and organic materials from the lipids prior to the shaking gas instillation 
method. Drying-gas instillation method may be used to remove water from liposomes. By pre-enlrepplng the gaseous 
precursor In the dried liposomes (i.e. prior to drying) after warming, the gaseous precursor may expand to fin the 
liposome. Gaseous precursors can also be used to fill dried liposomes after they have been subjected to vacuum. As 
the dried liposomes are kept at a temperature below their gel state to liquid crystalline temperature the drying chamber 
can be slowly fffled with the gaseous precursor in its gaseous state, e.g. perfluorobutarre can be used to fill dried 
liposomes composed of dlpalmitoylplroprwtidyicholine (DPPC) at temperatures between 3° C (the boiSng point of 
parfluorobufarte) and below 40° C. the phase transition temperature of the lipid. In this case, it would be most preferred 
to fill the liposomes at a temperature about 4» C to about 5°C. 

(0055] Preferred methods for preparing the temperature activated gaseous precursor-filled liposomes comprise 
shaking an aqueous solution having a lipid in the presence of a gaseous precursor at a temperature below the gel 
state to liquid crystalline state phase transition temperature of the lipid. The present invention also provides a method 
for preparing gaseous precursor-filled liposomes comprising shaking an aqueous solution comprising a Gpid in the 
presence of a gaseous precursor, and separating the resulting gaseous precursor-filled liposomes for diagnostic or 
therapeutic use. Liposomes prepared by the foregoing methods are referred to herein as gaseous precursor-filled 
liposomes prepared by a gel state shaking gaseous precursor installation method. 

[0056] Conventional, aqueous-filled liposomes are routinely formed at a temperature above the phase transition 
temperature of the lipid, since they are more flexible and thus useful in biological systems in the liquid crystalline state 
See. for example. Szoka and Papahadjopoulos. Proc. Watt Acad. Sa\ 1978. 75. 4194-4198. In contrast, the liposomes 
madeaccordingto preferred embodiments of the methods of the present Invention are gaseous precursor-filled, which 
•imparts greater flexibility since gaseous precursors after gas formation are more compressible and compliant than an 
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aqueous solution. Thus, the gaseous precursor-filled liposomes may be utilized In biological systems when formed at 
a temperature below the phase transition temperature of the lipid, even though the gel phase is more rigid. 
[0057] The methods of the present invention provide for shaking an aqueous solution comprising a lipid in the pres- 
ence of a temperature activated gaseous precursor. Shaking, as used herein, is defined as a motion that agitates an 
aqueous solution such (hat gaseous precursor is introduced from the local ambient environment into the aqueous 
solution. Any type of motion that agitates the aqueous solution and results in the introduction of gaseous precursor 
may be used for the shaking. The shaking must be of sufficient force to allow the formation of foam after a period of 
time. Preferably, the shaking is of sufficient force such that foam is formed within a short period of time, such as 30 
minutes, and preferably within 20 minutes, and more preferably, within 10 minutes. The shaking may be by rrecroe- 
muisifying, by microfluidizing, for example, swirling (such as by vortexlng), side-to-side, or up and down motion. In the 
case of the addition of gaseous precursor In the liquid state, sontcation may be used in addition to the shaking methods 
set forth above. Further, different types of motion may be combined. Also, the shaking may occur by shaking the 
container holding the aqueous lipid solution, or by shaking the aqueous solution within the container without shaking 
the container itself. Further, the shaking may occur manually or by machine. Mechanical shakers that may be used 
include, for example, a shaker table, such as a VWR Srierrtrrtc(Cerritos. CA) shaker table, a microfluicfizer. Wig-L-Bug™ 
(Crescent Dental Manufacturing. Inc. Lyons, IL) and a mechanical paint mixer, as well as other known machines. 
Another means for producing shaking includes the action of gaseous precursor emitted under high velocity or pressure. 
It wBI also be understood that preferably, with a larger volume of aqueous solution, the total amount of force will be 
correspondingly increased. Vigorous shaking is defined as at least about 60 shaking motions per minute, and Is pre- 
ferred. Vortexlng at at least 1000 revolutions per minute, an example of vigorous shaking, is more preferred. Vortexlng 
at 1800 revolutions per minute is most preferred. 

[0058] The formation of gaseous precursor-filled liposomes upon shaking can be detected by the presence of a foam 
on the top of the aqueous solution. This is coupled with a decrease in the volume of the aqueous solution upon the 
formation of foam. Preferably, the final volume of the foam is at least about two times the initial volume of the aqueous 
lipid solution; more preferably, the final volume of the foam Is at least about three times the initial volume of the aqueous 
solution; even more preferably, the final volume of the foam is at least about four times the initial volume of the aqueous 
solution; and most preferably, all of the aqueous OpkJ solution Is converted to foam. 

[0059] The required duration of shaking time may be determined by detection of the formation of foam. For example. 

of the gaseous precursor-filled liposomes becomes sufficiently thick so that it no longer dings to the side walls as it is 
swirled. At this time, the foam may cause the solution containing the gaseous precursor-fined liposomes to raise to a 
level of 30 to 35 rrd. 

[0060] The concentration of Epid required to form a preferred foam level will vary depending upon the type of lipid 
used, and may be readily determined by one skated in the art, once armed with the present disclosure. For example. 
In preferred embodiments, the concentration of 1 ,2-dir^imitovlphosphatidylciioline (DPPC) used to form gaseous pre- 
cursor-filled liposomes according to the methods of the present invention is about 20 mg/ml to about 30 mg/ml saBne 
solution. The concentration of distearoylphosphatidylchoSne (DSPC) used In preferred embodiments Is about 5 mg/ml 
to about 1 0 mg/ml saline solution. 

[00611 Specifically. DPPC in a concentration of 20 mg/ml to 30 mg/ml, upon shaking, yields a total suspension and 
entrapped gaseous precursor volume four times greater than the suspension volume atone. DSPC in a concentration 
of 10 mg/ml. upon shaking, yields a total volume completely devoid of any liquid suspension volume and contains 
entirely foam. 

[0062] It will be understood by one skilled in the art, once armed with the present disclosure, that the lipids or lipo- 
somes may be manipulated prior and subsequent to being subjected to the methods of the present Invention. For 
example, the lipid may be hydrated and then lyophilized, processed through freeze and thaw cycles, or simply hydrated. 
In preferred embodiments, the lipid is hydrated and then lyophilized. or hydrated, then processed through freeze and 
thaw cycles and then lyophilized, prior to the formation of gaseous precursor-filled liposomes. 
[0063] According to the methods of the present Invention, the presence of gas, such as and not limited to air. may 
also be provided by the local ambient atmosphere. The local ambient atmosphere may be the atmosphere within a 
sealed container, or in an unsealed container, may be the external environment Alternatively, for example, a gas may 
be Injected into or otherwise added to the container having the aqueous lipid solution or into the aqueous lipid solution 
itself in order to provide a gas other than air. Gases that are not heavier than air may be added to a sealed container 
while gases heavier than air may be added to a sealed or an unsealed container. Accordingly, the present invention 
includes coentrapment of air and/or other gases along with gaseous precursors. 

[0064] The preferred methods of the invention are carried out at a temperature below the gel state to liquid crystalline 
state phase transition temperature of the lipid employed. By -gel state to liquid crystalline state phase transition tem- 
perature', it is meant the temperature at which a lipid bllayer will convert from a gel state to a liquid crystalline state. 
See. for example. Chapman et at, J. Biol. Chem. 1974, 249, 2512-2521. The gel state to liquid crystalline state phase 
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es of various lipids will be re; 



toS!lr, ? h DpOSOmes even when "» "P 0 *"™* a. 

uquto-crystauine state. Small liposomes composed of Squid-crystalline si 



re composed of lipids tr> the 
to lipid such as egg phosphatidyl choline 




# Carbons in Acyl Chains 
1.2-(12:0) 
1.2-<13:0) 
U-(14:0) 
1,2-{15:0) 
1,2-{16:0) 
1.2-<17:0> 
1.2-f.16:0) 
1.2-(19:0) 
1.2-<20:0) 
1.2-{21 : 0) 
1.2-(22:0) 
1,2-(23.-0) 
1,2-<24:0) 



10066, <^ v entf°^.^ueous^lledhposon^ 

erystelllne state. See. <™ple. S^jmd PapaN^pouSos. Proc. Watt Acad, a* T^^StJSi 



preeursor-fiDed. which imparts greater flexibility since gaseous precursor is m 
aqueous solution. Thus, the gaseous precursor-filled Bposomes i rnay 
a temperature below the phase transition temperature of the lipid e, 
I0067J A preferred apparatus for producing the " 
gel state shaking gaseous precursor instillation pr 
vigorously agitated in the pr 



is precursor-filled liposomes using a 
ss is shown in Figure 1. A mixture of lipid and aqueous media is 

[0068J Where the gaseous precursor-filled liposomes contain 
may be added, for example, in a i 
installation process. Alien 



nm .„, , , ,. - *erapeutic compound may be added after the gas 



51 and the aqueous media 53 combine to form ar 
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aqueous lipid solution 74. Alternatively, the dried lipids 51 could be hydrated prior to being introduced into the mixing 
vessel 66 so that lipids are introduced in an aqueous solution. In the preferred embodiment of the method for making 
liposomes, the Initial charge of solution 74 "rs such that tha.solution occupies only a portion of the capacity of the mixing 
vessel 66. Moreover, in a continuous process, the rates at which the aqueous lipid solution 74 is added and gaseous 
« precursor-filled liposomes produced are removed Is controlled to ensure that the volume of Bpld solution 74 does not 
exceed a predetermined percentage of the mixing vessel 66 capacity. 

[0070] The shaking may be accomplished by introducing a high velocity jet of a pressurized gaseous precursor 
directly Into the aqueous lipid solution 74. Alternatively, the shaking may be accomplished by mechanically shaking 
the aqueous solution, either manually or by machine. Such mechanical shaking may be effected by shaking the mixing 

io vessel 66 or by shaking the aqueous solution 74 directly without shaking the mixing vessel itself. As shown In Figure 
1, in the preferred embodiment, a mechanical shaker 75. is connected to the mixing vessel 66. The shaking should be 
of sufficient intensity so that, after a period of lime, a foam 73 comprised of gaseous precursor-filled liposomes Is 
formed on the top of the aqueous solution 74. as shown In Figure 1 . The detection or the formation of the foam 73 may 
be used as a means for controlling the duration of the shaking: that is, rather than shaking for a predetermined period 

»4 of time, the shaking may be continued unta a predetermined volume of foam has been produced. 

[0071] The apparatus of Figure 1 may also contain a means for controlling temperature such that the apparatus may 
be maintained at one temperature for the method of making the liposomes. For example, in the preferred embodiment, 
the methods of making liposomes are performed at a temperature below the boiling point of the gaseous precursor. In 
the preferred embodiment, a liquid gaseous precursor fills the internal space of the liposomes. Alternatively, the ap- 

20 paratus may be maintained at about the temperature of the liquid to gas transition temperature of the gaseous precursor 
such that a gas is contained in the liposomes. Further, the temperature of the apparatus may be adjusted throughout 
the method of making the liposomes such that the gaseous precursor begins as a liquid, however, a gas Is Incorporated 
into the resulting liposomes. In this embodiment, the temperature of the apparatus is adjusted during the method of 
making the liposomes such that the method begins at a temperature below the phase transition temperature and is 

25 adjusted to a temperature at about the phase transition temperature of the gaseous precursor. Accordingly, the vessel 
may be closed and periodically vented, or open to the ambient atmosphere. 

(0072] In a preferred embodiment of the apparatus for making gaseous precursor-filled liposomes in which the lipid 
employed has a gel to liquid crystalline phase transition temperature below room temperature, a means for cooing the 
aqueous lipid solution 74 is provided. In the embodiment shown in Figure 1, cooling is accomplished by means of a 
» jacket 64 disposed around the mixing vessel 66 so as to form an annular passage surrounding the vessel. As shown 
In Figure 1. a cooling fluid 63 is forced to Dow through this annular passage by means of jacket Met and outlet ports 
62 and 63. respectively. By regulating the temperature and Dow rate of the cooling fluid 62, the temperature of the 
aqueous lipid solution 74 can be maintained at the desired temperature. 

[0073J As shown In Figure 1, a gaseous precursor 55, which may be 1-fluorobutane. for example, is introduced into 
33 the mixing vessel 66 along with the aqueous solution 74. Air may be introduced by utilizing an unsealed mixing vessel 
so that the aqueous solution is continuously exposed to environmental air. In a batch process, a fixed charge of local 
ambient air may be Introduced by sealing the mixing vessel 66. If a gaseous precursor heavier than air Is used, the 
container need not be sealed. However, introduction of gaseous precursors that are not heavier than air will require 
that the mixing vessel be sealed, for example by use of a lid 65, as shown in Figure 1. The gaseous precursor 55 may 
40 be pressurized in the mixing vessel 66. for example, by connecting the mixing vessel to a pressurized gas supply tank 
54 via a conduit 57. as shown In Figure 1. 

{0074J After the shaking is completed, the gaseous precursor-filled liposome containing foam 73 may be extracted 
from the mixing vessel 66. Extraction may be accomplished by inserting the needle 102 of a syringe 100, shown in 
Figure 2, Into me foam 73 and drawing a predetermined amount of foam Into the barrel 104 by withdrawing the plunger 
<s 106. As discussed further below, the location at which the end of the needle 102 is placed in the foam 73 may be used 
to control the size of the gaseous precursor-filled liposomes extracted. 

C0075J Alternatively, extraction may be accomplished by inserting an extraction tube 67 Into the mixing vessel 66. 
as shown in Figure 1. If the mixing vessel 66 is pressurized, as previously discussed, the pressure of the gaseous 
precursor 55 may be used to force the gaseous precursor-filled liposomes 77 from the mixing vessel 66 to an extraction 

» vessel 76 via conduit 70. In the event that the mixing vessel 66 is not pressurized, the extraction vessel 76 may be 
connected to a vacuum source 58, such as a vacuum pump, via conduit 78, that creates sufficient negative pressure, 
to suck the foam 73 into the extraction vessel 76, as shown In Figure 1. From the extraction vessel 76, the gaseous 
precursor-filled liposomes 77 are introduced into vials 82 in which they may be shipped to the ultimate user. A source 
of pressurized gaseous precursor 56 may be connected to the extraction vessel 76 as aid to ejecting the gaseous 

55 precursor-filled liposomes. Since negative pressure may result In increasing the size of the gaseous precursor-fiBed 
liposomes, positive pressure is preferred for removing the gaseous precursor-filled fiposomes. 
10076J Filtration may be carried out m order to obtain gaseous precursor-filled liposomes of a substantially uniform 
size, m certain preferred embodiments, the filtration assembly contains more than one filter, and preferably, the filters 
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are not immediately adjacent to each other, as illustrated in Figure 4. Before filtration, the gaseous precursor-filled 
liposomes range In size from about 1 micron to greater than 60 microns (Figures 5A and 6A). After filtration through a 
single filter, the gaseous precursor-filled liposomes are generally less than 10 microns but particles as large as 25 
microns in size remain. After filtration through two filters (10 micron followed by 8 micron filter), almost all of the lipo- 
somes are less than 10 microns, and most are 5 to 7 microns (Figures 5B and 6B). 

(0077J As shown in Figure 1 , filtering may be accomplished by Incorporating a filter element 72 directly onto the end 
of the extraction tube 67 so that only gaseous precursor-filled liposomes below a pre-determined size are extracted 
from the mixing vessel 66. Alternatively, or in addition to the extraction tube filter 72, gaseous precursor-filled liposome 
sizing may be accomplished by means of a fitter 80 Incorporated into the conduit 79 that directs the gaseous precursor- 
filled liposomes 77 from the extraction vessel 76 to the vials 82. as shown In Figure 1. The filter 80 may contain a 
cascade filter assembly 124. such as that shown in Figure 4. The cascade filter assembly 124 shown in Figure 4 
comprises two successive filters 116 and 120. with filter 120 being disposed upstream of filter 116. In a preferred 
embodiment, the upstream filter 1 20 la a "NUCLEPORE" 1 0 urn fi Iter and the downstream filter 1 16 Is a TJUCLEPORE* 
8 urn filter. Two 0.15 mm metallic mesh discs 115 are preferably installed on either side of the filter 116. In a preferred 
lOO^T^a^ t to*fitt 18 - 8m, "° ^sko 8Part ° lri " lmUm of150 * lmbv moans of a Teflon™ f>«ing. 118. 
precursor-Bled liposome buoyancy on size. The gaseous precursor-lilted liposomes have appreciably lowerdensity 
than water and hence may float to the top of the mixing vessel 66. Since the largest liposomes have the lowest density, 
they will float most quickly to the top. The smallest liposomes vdl generally be last to rise to the top and the nongaseous 
precursor-filled lipid portion will sink to the bottom. This phenomenon may be advantageously used to size the gaseous 
precursor-fined liposomes by removing them from the mixing vessel 66 via a differential flotation process. Thus, the 
setting of the vertical location of the extraction tube 67 within the mixing vessel 66 may control the size of the gaseous 
precursor-fitted liposomes extracted; (he higher the tube, the larger the gaseous precursor-filled liposomes extracted 
Moreover, by periodically or continuously adjusting the vertical location of the extraction tube 67 within the mixing 
vessel 66. the size of the gaseous precursor-filled liposomes extracted may be controlled on an on-going basis. Such 
extraction may be facilitated by incorporating a device 68. which may be a threaded collar 71 mating with a threaded 
sleeve 72 attached to the extraction tube 67. that allows the vertical location of the extraction tube 66 within the ex- 
traction vessel 66 to be accurately adjusted. 



gas^ispjeci«sor-fiUed lipid based microspheres. In general, the greater the Intensity of the shaking energy, the 

[0080] The current invention also includes novel methods tor preparing drug-containing gaseous precursor-fated 
liposomes to be dispensed to the ultimate user. Once gaseous precursor-filled liposomes are formed, they generally 
cannot be sterilized by heating at a temperature that would cause rupture. Therefore, it is desirable to form the gaseous 
precursor-fined liposomes from sterile ingredients and to perform as little subsequent manipulation as possible to avoid 
the danger of contamination. According to the current invention, this may be accomplished, for example, by sterilizing 
the lipid and aqueous solution before shaking and dispensing the gaseous precursor- 

or handling; that is, without subsequent sterilization. The syringe 
as 77 and suitably packaged, may then be dispensed to the ultimate 
user. Thereafter, no further manipulation of the product is required in order to administer the gaseous precursor-filled 
liposomes to the patient, other than removing the syringe from its packaging and removing a protector (not shown) 
from the syringe needle 102 and inserting the needle Into the body of the patient, or Into a catheter. Moreover the 
pressure generated when the syringe plunger 106 Is pressed Into the barrel 104 win cause the largest gaseous 'pre- 
cursor-filled liposomes to collapse, thereby achieving a degree of sizing without filtration. 
(0081] Where it Is desired to filter the gaseous precursor-filled liposomes at the point of use, for example because 
they are removed from the extraction vessel 76 without filtration or because further filtration Is desired, the syringe 100 
may be fitted with its own fitter 108, as shown in Figure 2. This results In the gaseous precursor-filled liposomes being 
steed bycausing them to be extruded through the filter 108 by the action of the plunger 1 06 when the gaseous precursor- 
filled liposomes are injected. Thus, the gaseous precursor-filled liposomes may be sized and injected Into a patient In 

[0082] In order to accommodate the use of a single or dual filter In the hub housing of the syringe, a non-standard 
syringe with hub housing is necessary. As shown in Figure 3. the hub that houses the filters) are of a dimension of 
approximately 1cm to approximately 2 cm in diameter by about 1.0 cm to about 3.0 cm in length with an inside diameter 
of about 0.8 cm for which to house the filters. The abnormally large dimensions for the fitter housing in the hub are to 
accommodate passage of the microspheres through a hub with sufficient surface area so as to decrease the pressure 
that need be applied to the plunger of the syringe. In this manner, the microspheres will not be subjected to an inordi- 
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10083] As shown in Figure 3. a cascade filter housing 110 may be fitted directly onto a syringe 112. thereby allowing 
cascade filtration at the point of use. As shown in Figure 4. the filter housing 110 is comprised of a cascade filter 
assembly 124. previously discussed, incorporated between a lower collar 122, having male threads, and a female 
collar 114. having female threads. The lower collar 122 is fitted with a Luer lock that allows it to be readily secured to 
the syringe 112 and the upper collar 114 is fitted with a needle 102. 

[0084] In preferred embodiments, the lipid solution is extruded through a filter and the lipid solution is heat sterilized 
prior to shaking. Once gaseous precursor-filled liposomes are formed, they may be filtered for sizing as described 
above. These steps prior to the formation of gaseous precursor-filled liposomes provide the advantages, for example, 
of reducing the amount of unhydrated lipid and thus providing a significantly higher yield of gaseous precursor-filled 
liposomes, as well as and providing sterile gaseous precursor-filled liposomes ready for administration to a patient 
For example. 8 mixing vessel such as a vial or syringe may be filled with a filtered lipid suspension, and the solution 
may then be sterilized within the mixing vessel, for example, by autodavfng. A gaseous precursor may be instilled into 
the lipid suspension to form gaseous precursor-filled liposomes by shaking the sterile vessel. Preferably, the sterile 
vessel is equipped with a filter positioned such that the gaseous precursor-filled liposomes pass through the filler before 



(0085] The first step of this preferred method, extruding the lipid solution through a filter, decreases the amount of 
unhydrated lipid by breaking up the dried lipid and exposing a greater surface area tor hydration. Preferably, the filter 
has a pore size of about 0.1 to about 5 urn. more preferably, about 0.1 to about 4 urn. even more preferably, about 0.1 
to about 2 urn, and even mora preferably, about 1 urn. most preferably 0.22 urn. As shown In Figure 7. when a Pptd 
suspension is fittered (Figure 7B). the amount of unhydrated lipid is reduced when compared to a lipid suspension thai 
was not pro-filtered {Figure 7A). Unhydrated lipid appears as amorphous clumps of non-uniform size and is undesirable. 
[0086] The second step, sterilization, provides a composition that may be readily administered to a patient. Preferably, 
sterilization is accomplished by heat sterilization, preferably, by autodaving the solution at a temperature of at least 
about 100° C. and more preferably, by autodaving at about 100" C to about 130* C, even more preferably, about 110° 
C to about 130° C. even more preferably, about 1 20° C to about 130° C, and most preferably, about 1 30° C. Preferably, 
heating occurs for at least about 1 minute, more preferably, about 1 to about 30 minutes, even more preferably, about 



-s by a pr 



>n of the gaseous precursor may be achieved via passage through a 0.22 urn filter or a smaller filter, 
on In the aqueous media. This can be easily achieved via sterile filtration of the contents directty 
into a vial which contains a predetermined amount of tStewise sterilized and sterile-tilted aqueous carrier. 
[0089] Figure 8 illustrates the ability of gaseous precursor-filled liposomes to successfully form after autodaving, 
which was earned out at 130° C for 15 minutes, followed by vortexlng for 10 minutes. Further, after the extrusion and 
' e. the shaking step yields gaseous precursor-filled liposomes with little to no residual anhydrous 



[0090] The materials which may be utilized in preparing the gaseous precursor-filled lipid microspheres include any 
of the materials or combinations thereof known to those skilled m the art as suitable for liposome preparation. Gas 
precursors which undergo phase transition from a Squid to a gas at their boiling point may be used In the present 
Invention. The lipids used may be of either natural or synthetic origin. The particular lipids are chosen to optimize the 
desired properties, e.g.. short plasma half-fife versus long plasma half-Ufe for maximal serum stability. It win also be 
understood that certain lipids may be more efficacious for particular applications, such as me containment of a thera- 
peutic compound to be released upon rupture of the gaseous precursor-filled lipid microsphere. 
[0091] The lipid in the gaseous precursor-filled liposomes may be in the form of a single bilayer or a multilamellar 

[00921 Gaseous precursors which may be activated by temperature may be useful in the present invention. Table II 



body temperature (37° C) and the size of the emulsified droplets that would be required to form a microsphere having 
a size of 10 microns. The list is composed of potential gaseous precursors that may be used to form temperature 
activated gaseous precursor-conteWng liposomes of a defined size. The list should not be construed as being Smiting 
by any means, as to the possibilities of gaseous precursors for the methods of the present invention. 
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Physical Characteristics of Gaseous Precursors and Diameter of Emulsified Droplet to Form a 



Compound 


Molecular Weight 


Boiling Point [' C) 


Densily 
ensi 


Diameter oun) of 
Emulsified droplet to make 
10 micron microsphere 


If 1-fluorobutane 


76.11 


32.5 


6.7789 


1.2 


2-methyl butane 
Ctsopentane) 


72.15 


27.8 


0.6201 


2.6 


2-methyl 1-butene 


70.13 


iii 






2-methyf-2-butena 


70.13 


aii 


Q6623 


Fi 


1-butene-3-yne-2-methyt 


66.10 


34.0 


0.6801 


2.4 






29.5 


0.6660 


2.5 


perfluoro methane 


88.00 


-129 


3.034 


3.3 


petfluore ethane 


138.01 


-79 


1.590 


1.0 


perfluoro butane 


238.03 


3.96 


1.6484 


2.8 


perfluoro pentane 


288.04 


57.73 


1.7326 


2.9 


octaffuorocyctobutane 


200.04 


-5.8 


1.48 


2.8 


decaRuoro butane 


238.04 


-2 


1.517 




hexafluoro ethane 


138.01 


-76.1 


1.607 


2-7 | 


docecaftuoro pentane 


288.05 


29.5 


1.664 


2.9 I 


octafluoro-2-butene 


200.04 


1.2 


1.5297 


2.8 | 


perfluoro cydobutano 


200.04 


-5.8 


1.48 


2.B | 


octafluoro cydopentene 


2tt.CS 


27 


1.58 


2.7 J 


perfluoro cyclobutene 


162 


5 


1.602 


2.5 8 
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In rest, for a variety of different applj- 
Id can be used to make gaseous precursors so long as it is capable of undergoing a phase 
transiBon to the gas phase upon passing through the appropriate activation temperature. Examples of gaseous pre- 
cursors that may be used include, and are by no means limited to. the following: hexafluoro acetone; isopropyl acety- 
b; 1,2-butadlene; 1,3-butadiene; 1.34jutadiene; 1,2.3-WdUoro,2-fluoro- 



« 2-methyl.1.3 butadiene; hexafliioro-1.3*utadiene; butadiyne; 1-fluon>butane: 2'-methvH>Jtane; de- 
Z^^^i^T^' ^tf!'" 2 *"f lh )'- 1 - , ^ en8: 3-msthyM-otitene; perfluoro-l-butene; pemuoro-1-birter» : 

e; 2-bromc-butyraldehyde; carbonyl sulfide; crot- 

- • r > octafluoro-cyclobutane; perfluoro-cyclobutene; 3<htoro-cyclopenlene; 

perfluoro ethane; perfluoro propane; perfluoro butane; perfluoro pentane; perfluoro hexane:cyclopropane; 1,2-dime- 

thykqfdopropane; 1.1-dimethyl cyclopropane; 1,2-dimeth»« =ik^ „^ — ,„.. .u., — . 

diacerytene: 3-ethyl-3-methyl dlaztridina; 1,1,1-triftuoroc 



«™ tt,yle l h 1 y,am,n f : mBtn >" P"osphfne) amine; 2,3^rr*trryt-2-norbornane; perfluorodimelhylamlne; dimelhyl- 
oxon^chionde;1.W ( oxdane-2^ne;^rflw^ 

IT, . 1 ^■ 2 ^ tra,hK '^^- 1.t.2-trichloro-1,2.2*ifluoroethane; 1.1 dichloroethane: 1.1-dichloro- 
l 2 ™??, 1 ^? ^ me; 1 f difluoro ethan9: l-tWoro-l.l^^^ntafluoro ethane; 2-chtoro. I.l^lifluoroethane; 
'^—l.l^i-tetrafluoroelhane^Kihtoro. 1.1-difluoroethane;chloroethane;chloropentafluoroeU 



perfluoro ethylamlne; ethyl vinyl ether 1.1-dichloro ethylene; 1.1-, 



a; perfluoro ethane; 
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Methane: Methane-sulfonyi chloride-trifluoro; Methanesulfonyt fluoride-trifluoro; Memane^pentefluoromtojtriftuoro; 
Methane-bromo difluoro nitroso; Methane-bromo ftuoro; Methane-bromo chloro-fluoro; Methanebromo-lrifluoro; Meth- 



luoro; Methane dibromo difluoro; M 



ro difluoro; Melhane-dichlofo-fluoro; MelhaneoTfluoro; Methane-dif- 



nftroso-trifluoro: Melhane-tetrafluofo: Methane-trfchlorofluoro: Metruwe-triftuoro; Methanesulfenylchlorlde-trifluoro; 
2-Methyl butane: Methyl ether; Methyl Isopropyl ether; Methyl lactate: Methyl nitrite: Methyl sulfide; Methyl vinyl ether; 
Neon; Neopentane; Nitrogen (NJ; Nitrous oxide; 1.2.3-Nonadeeane tm»rt>a(ylicadd.24iydroxytrimethytester. 1-Non- 
ene-3-yne; Oxygen (OJ; 1. 4-Pentadlene; i^Pentane; Pentane-perfluoro; 24>entancfle-4-amlnc-4-methyl; 1-Pentene; 

2- Pentane Ids); 2-Pentene (trans); 1-Pentene-3-bromo: 1-pentene-perfluoro; Phthatlc add-tetrachforo: Piperidlno-2, 
3, 6-otmethyt; Propane, Propane-1. 1. 1. 2. 2. 3-hexafluoro; Propane-1.2-epoxy. Propane-2.2 difluoro: Propane 2-ami- 
no. Propane-2-chtoro; Propane-heptafluoro-1-filtro; Proparw-heptafluoro-l^titroso; Propane-perfluoro; Propene; Pro- 
oyM .1 .1 ,2.3.3-hexBttuoro-2.3 dlchloro; Propylene-1-chloro; PropylenecNortK«rans); Propylene-2-ehloro; Propytene- 

3- Huoro; Propylene-perfluoro; Propyne: Propyne-3.3.3-trifiuoro; Styrene-3-fluoro: Sulfur hexafluorida; Sulfur (di>-de- 
cafluoro(S2F10);Toluene-2.4-dlamino;Trifli - 




dWeoytphosphatidyl- 
phosphattdvtethartola mines such as dioleoyl- 
^•us^uuujrKsuuuiuKiiranv, pnospnagayisenne; pnosprauayigiyceror. ftfiosphalkfylinositol, sphlngotiplds such as 
sphingomyelin; gtycolipids such as ganglioside GM1 and GM2; glucolipids: surfaBdes; glycosphingofipids: phosphatide 
add; palmitic add; stearic add; aracWdonicarid; oleic add; lipids bearing polymers such as polyethyteneglycol. chitin. 
" h, dK oOgo- or polysaccharides; cholesterol. 



adds, polymerized lipids, diacetyl phosphate, stearylamine. cardlolipin. phospholipids with short chain fatty adds of 
6-8 carbons in length, synthetic phospholipids with asymmetric acyl chains (e.g.. with one acyl chain of 6 carbons and 
another acyl chain of 12 carbons). 6-(5^*olesten-3f>-yloxy)-1-lh" " ~ ' 

nc-$-deoxyM -thto-a-D-maairwpyrarioslde. 1 
edd;rH12-«(r-<fiethylamin( 
4'-trimethyl-ammonio)butanc 



ar combinations thereof. The Hposomes may be formed as monolayers or bllayers 
ners such as potyethyleneglycol (PEG), induding and not limited to PEG 2,000 



MW, 5.000 MW, and PEG 8.000 MW. are particularly useful for improving the stability and size distribution of the 
gaseous precursor-containing liposomes. Various different mole ratios of PEGylated lipid, dipalmitoytphosphatidyleth- 
anolamine(DPPE) bearing PEG 5.000 MW. forexample, are also useful; 8 mole percent DPPE is preferred. A preferred 
produrt which Is highly useful for entrapping gaseous precursors contains 83 mole percent DPPC. 8 mote percent 
DPPE-PEG 5.000 MW and 5 mote percent dipatmitoylphosphatidlc add. 

[D088] In addition, examples of compounds used to make mixed systems indude. but by no means are limited to 
le (dodecyi-), reryttrimethytarniTionluni bromide (hexadecyl-). myristyrtrimethylarnmo- 
cWorida (aikyt=C12,C14,Cl6), benzytdimethytdodecylarn- 
" mide/chlDride, tx 



in bromide/chloride, or cetytpyridinium bromide/chloride. Likewise 
i), peril uorodecalin. pernuorodo- 
b. The perfluorocarbons may be en- 
trapped in liposomes or stabilized in emulsions as is well know in the art such as U.S. Patent No. 4,865.836. The above 
examples of lipid suspensions may also be sterilized via autoclave without appredable change in the size of the sus- 
pensions. 

10099) If desired, either anionic or cationic lipids may be used to bind anionic or caBonte pharmaceuticals. Cationic 
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lipids may be used to bind DNA and RNA analogues with hi or on the surface ol the gaseous precursor-filled micro- 
sphere. A variety of lipids such as DOTMA. N-[H2,3-dioteoytoxy)piopylH^.N^-tnmethylai7unoniurn chloride; DOTAP, 
1.2<iioleoyloxy-^trimemylammonio)piopane; and OOTB, l^^oleoyl-^-trinneUiyl-ammontollnitanoyl-sn-glycerol 
may be used. In general the molar ratio of cationlc lipid to non-cationie Dpid in the liposome may be. lor example. 1: 
1000. 1:100. preferably, between 2:1 to 1:10. mora preferably In the range between 1:1 to 1:2.5 and most preferably 
1:1 (ratio of mote amount cationic lipid to mole amount non-cationic lipid, e.g.. DPPC). A wide variety of lipids may 
comprise the non-cationic Bold when cationic lipid is used to construct the microsphere. Preferably, this non-cationic 

lieu of cationic lipids as described above, lipids bearing cationic polymers such as potyiysine or polyarglnine may also 
be used to construct the microspheres and afford binding of a negatively charged therapeutic, such as geneticmaterial, 
to the outside of the microspheres. Additionally, negatively charged lipids may be used, for example, to bind positively 
charged therapeutic compounds. Phosphatide add. a negatively charged fipkl. can also be used to complex DMA. 
This is highly surprising, as the positively charged lipids were heretofore thought to be generally necessary to bind 
genetic materials to liposomes. 5 to 10 mote percent phosphatide add in the liposomes Improves the stability and size 
distribution of the gaseous precursor-filled liposomes. 

[01001 Other useful lipids or combinations thereof apparent to those skilled In the art which are in keeping with the 
spirit of the present Invention are also encompassed by the present invention. For example, carbohydrate-bearing 
lipids may be employed for In vrvo targeting, as described In U.S. Patent No. 4.310,505. the disclosures of which are 
hereby incorporated herein by reference In their entirety. 

[0101] The most preferred lipids are phospholipids, preferably DPPC and DSPC. and most preferably DPPC. 
[0102J Saturated and unsaturated fatty acids that may be used to generate gaseous precursor-filled microspheres 
preferably indude, but are not timlled to molecules that have between 12 carbon atoms and 22 carbon atoms in either 
Bnear or branched form. Examples of saturated fatty adds mat may be used Indude. but are not limited to, lauric 
myristic, palmitic, and stearic adds. Examples of unsaturated fatty adds that may be used indude. but are not limited 
to, laurdeic physeteric, myristolelc. palmitotelc. petrosetWc. and oleic adds. Examples of branched fatty adds that 
may be used indude. but are not limited to, isolauric. isomyristic. isopalnutic. and isostaaric adds and isoprenoids. 
[01031 Cationic polymers may be bound to the lipid layer through one or more atkyl groups or sterol groups which 
serve to anchor the cationic polymer into the Kpld layer surrounding the gaseous precursor. Cationic polymers that may 
be used in this manner include, but are not limited to, potyTysme and potyarginlne, and their analogs such as pcJyho- 
moarglntne or pcJyhomotyslne. The positively charged groups of cationic lipids and cationic polymers, or perfluoro- 
alkylated groups bearing cationic groups, for example, may be used to complex negatively charged molecules such 
assugarphosphates on genetic material, thus binding the material to the surface of the gaseous precursor-filled lipid 

BioeNm. BiophysActe. t99Z^1127. 41-48^e disc^r^of whk^^hereby incorporated teretely r^rence"^' 

groups of the lipids via ester, amide, ettier. disulfide or thioester Enkages. 

[0104] Bioactive materials, such as peptides or proteins, may be incorporated Into Ihe lipid layer provided the peptides . 
have sufficient lipophifidty or may be derivatized with alkyl or sterol groups for attachment to the lipid layer. Negatively 
charged peptides may be attached, for example, using cationic lipids or polymers as described above. 
[0105J One or more emulsifying or stabilizing agents may be Induded with Ihe gaseous precursors to formulate the 
temperature activated gaseous precursor-filled microspheres. The purpose of these emulsifying/stabilizing agents is 
twofold. Flrstiy. these agents help to maintain the size of the gaseous precursor-filled microsphere. As noted above, 
the size of these microspheres will generally affect the size of the resultant gas-fitted microspheres. Secondly the 
emulsifying and stabilizing agents may be used to coat or stabilize the microsphere which results from the precursor. 
Stabilization of contrast agent-containing microspheres Is desirable to maximize the In vivo contrast effect Although 
stabilization of the microsphere Is preferred this is not an absolute requirement Because the gas-filled microspheres 
resulting from these gaseous precursors are more stable than air, they may stift be designed to provide useful contrast 
enhancement; for example, they pass through the pulmonary drculation following peripheral venous Injection, even 
when not specifically stabilized by one or more coating or emulsifying agents. One or more coating or stabilizing agents 
is preferred however, as are flexible stabilizing materials. Gas microspheres stabilized by polysaccharides. gangBo- 
sfdes, and polymers are more effective than those stabilized by albumin and other proteins. Liposomes prepared using 
aliphatic compounds are preferred as microspheres stabilized with these compounds are much more flexible and stable 
to pressure changes. 

[01061 Solutions of lipids or gaseous precursor-filled liposomes may be stabilized, for example, by the addition of a 
wide variety of viscosity modifiers, induding. but not limited to carbohydrates and their phosphorylated and sulfonated 
derivatives; potyethers. preferably with molecular weight ranges between 400 and 8000; di- and trihydroxy alkanes 
and their polymers, preferably with molecular weight ranges between 800 and 8000. Glycerol propylene glycol, poly- 
ethylene glycol, polyvinyl pyrrolidone. and polyvinyl alcohol may also be useful as stabilizers in the present invention. 
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Particles which are porous or semi-solid such as hydroxyapatlle, metal oxides and copredpilates of gels, e.g. hyaluronic 
add with calcium may be used (o formulate a center or nidus to stabilize the gaseous precursors. 
[01 07] Emulsifying and/or solubilizing agents may also be used in conjunction with lipids or liposomes. Such agents 
include, but are not limited to, acacia, cholesterol, diethanolamine. glyceryl monoslearate, lanolin alcohols, lecithin, 
mono- and di-gtycerides. mono-ethanolamlne. oleic add. oteyl alcohol, potoxamer. polyoxyethylene 50 stearate. poly- 
oxyl 35 castor oil, polybxyt 10 oteyl ether, potyoxyt 20 cetostearyl ether, pdyoxyl 40 stearate, polysorbate 20. polys- 
orbate 40, polysorbate 60, polysorbate 80, propylene glycol diacetate, propylene glycol monoslearate. sodium tauryt 
sulfate, sodium stearate, sorbitan mono-laurate, sorbitan mono-oleate. sorbitan mono-patmilate. sorbitan monoslea- 
rate, stearic acid, trolamtne, and emulsifying wax. All lipids with perfluoro fatty acids as a component of the lipid in lieu 
of the saturated or unsaturated hydrocarbon fatty acids found In lipids of plant or animal origin may be used. Suspending 
and/or vbcosBy-incraasIng agents that may be used with lipid or liposome solutions Indude but are not limited to, 
acacia, agar, atginte add, aluminum mono-stearate, bentontte. magma, carbomer 934P, carboxymethytcellulose, cal- 
cium and sodium and sodium 12, glycerol, carrageenan. cellulose, dextrin, gelatin, guar gum. hydroxyethyl cellulose, 
hydroxypropyl mathytcellulose. magnesium aluminum silicate, methytcellulose. pectin, polyethylene oxide, polyvinyl 
alcohol, povidone, propylene glycol, alginate, silicon dioxide, sodium alginate. Iragacanth. and xanthum gum. A pre- 
ferred product of the present Invention Incorporates lipid as a mixed solvent system in a ratio of 6:1:1 or 9:1:1 normal 
saline: glycerofcpropylene glycol. 

[0108] The gaseous precursor-fined liposomes of the present Invention are preferably comprised of an Impermeable 
material. Impermeable material is defined a material that does not permit the passage of a substantial amount of the 
contents of the liposome in typical storage conditions. Substantial Is defined as greater than about 50% of the contents, 
the contents being both the gas as weD as any other component encapsulated within the interior of the liposome, such 
as a therapeutic. Preferably, no more than about 25% of the gas is released, more preferably, no more than about 10% 
of the gas is released, and most preferably, no more than about 1% of the gas Is released during storage and prior to 
administration to a patient 

[01 09) At least in part, the gas impermeability of gaseous precursor-fined fiposomes has been found to be related to 
the gel state to Oquid crystalline state phase transition temperature. It is believed that, generally, the higher gel state 
to liquid crystalline state phase transition temperature, the more gas impermeable the liposomes are at a given tem- 
perature. See Table I above and Derek Marsh, CRC Handbook of Upkl Btayois (CRC Press, Boca Raton, FL 1990), 
at p. 139 for main chain melting transitions of saturated diacyl-sri-glycero-3-phosphochoEnes. However, it should be 
noted that a lesser degree of energy can generally be used to release a therapeutic compound from gaseous precursor- 
fifted liposomes composed of lipids with a lower gel state to liquid crystalline state phase transition temperature. 
[0110] In certain preferred embodiments, the phase transition temperature of the lipid is greater than the internal 
body temperature of the patient to which they are administered. For example, lipids having a phase transition temper- 
ature greater than about 37° C are preferred for administration to humans. In general, microspheres having a gel to 
liquid phase transition temperature greater than about 20° C are adequate and those with a phase transition temper- 
ature greater than about 37° C are preferred. 

[0111] In preferred embodiments, the liposomes made by the methods of the present invention are stable, stability 
being defined as resistance to rupture from the time of formation until the application of ultrasound. The lipids used to 
construct the microspheres may be chosen for stability. For example, gaseous preeursor-tiBed liposomes composed 
of DSPC (olstearaylptosphatklylcholirte) are more stable than gaseous precursor-died liposomes composed of DPPC 
{(lIpaMtoylDhreptatidykttotine) and that these in turn are more stable than gaseous precursor-filled liposomes com- 
posed of egg phosphatidylcholine (EPC). Preferably, no more than about 50% of the liposomes rupture from the time 
of formation until the application of ultrasound, more preferably, no more than about 25% of the liposomes rupture, 
even more preferably, no more than about 10% of the liposomes, and most preferably, no more than about 1% of the 

[0112] The subject liposomes tend to have greater gas impermeability and stability during storage than other gas- 
fiHed liposomes produced via known procedures such espressurizationor other techniques. At 72 hours alter formation, 
for example, conventionally prepared liposomes often are essentially devoid of gas, the gas having diffused out of the 
liposomes and/or the liposomes having ruptured and/or fused, resulting in a concomitant toss in reflectivity. In com- 
parison, gaseous precursor-filled liposomes of the present invention maintained in aqueous solution generally have a 
shelf life stabBtty of greater than about three weeks, preferably a shelf life stability of greater than about four weeks, 
more preferably a shelf life stability of greater than about five weeks, even more preferably a shelf life stability of greater 
than about three months, and often a shelf life stability that is even much longer, such as over six months, twelve 
months, or even two years. 

[0113] in addition, it has been found that the gaseous precursor-filled liposomes of the present invention can be 
stabilized with lipids covalentiy linked to polymers of polyethylene glycol, commonly referred to as PEGylated lipids. It 
has also been found that the incorporation of at least a small amount of negatively charged lipid Into any liposome 
membrane, although not required, is beneficial to providing liposomes that do not have a propensity to rupture by 
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aggregation. By atleastasmallarrraunUtlsmeantaboutltoabouMOmote percent of the total lipid. Suitable negatively 
charged lipids, or lipids bearing a net negative charge, win be readily apparent to those skaied In the art. and include, 
for example, phosphaSdylserine. phosphatidylgfycerol. phosphatide acid, and fatty acids. Liposomes prepared from 
dipahtiltoylphosphatidytcholine are most preferred as they are selected for their ability to rupture on application of 
resonant frequency ultrasound, radiofrequency energy, (e.g. microwave), and/or echogenicity in addition to their sta- 
bility during delivery. 

101 14J Further, the liposomes of the invention are preferably sufficiently stable in the vasculature such that they 
withstand recirculation. The gaseous precursor-filled liposomes may be coated such that uptake by the reticuloen- 
dothelial system is minimized. Useful coatings include, for example, gangRosides. glucuronide, galacturonate. gulur- 
onate, prjlyetlrylenegrycol, polypropylene glycol, polyvinylpyrrolidone, potyvinylalcohol, dextran, starch, pnosphorylat- 
ed and sulfonated mono. <fl. trf. oligo and polysaccharides and albumin. The liposomes may also be coated for purposes 
such as evading recognition by the immune system. 

(0115J The lipid used is also preferably flexible. Flexibility, as defined in the context of gaseous precursor-filled lipo- 
somes, is the ability of a structure to alter its shape, for example, in order to pass through an opening having a size 
smaller than the liposome. 

[0116] Provided that the circulation haMfe of the liposomes is sufficiently long, the liposomes wiB generally pass 
through the target tissue while passing through the body. Thus, by focusing the sound waves on the selected tissue 
to be treated, the therapeutic will be released locally In the target tissue. As a further aid to targeting, antibodies, 
carbohydrates, peptides, glycopeptides, glycoBpids. lectins, and synthetic and natural polymers may also be incorpo- 
rated Into the surface of the liposomes. Other aids for targeting Include polymers such as pdyethyteneglycol. por/vi- 
rrytpyrroTtdone. and poMnylalcohol. which may be Incorporated onto the surface via alkytatton. acytalion. sterol groups 
or derivatized head groups of phospholipids such as aioleoYlphosphatj'dylethanolamine (DOPE), dipalmltoylphosphati- 
dytethanolamlne (OPPE), or distearoylphosphatidylethanolamine (DSPE). Peptides, antibodies, lectins, glycopeptides. 
©^nucleotides, and gtycoconjugates may also be Incorporated onto the surfaces of the gaseous precursor-filled lipid 

101 1 7| In certain preferred embodiments, as an aid to the gaseous precursor Instillation process as well as to maintain 
the stability of the gaseous precursor-filled liposomes, for example, emutsifiers may be added to the lipid. Examples 
of emutsifiers Include, but are not limited to. glycerol, cetyl alcohol, sorbitol, polyvinyl alcohol, polypropylene glycol, 
propylene glycol, ethyl alcohol, sodium lauryl sulfate. Laureth 23. polysorbates (at! units), all saturated and unsaturated 
fatty adds, triethanolarnine. Tween 20, tween 40, Tween 60. tween 80. Potysorbate 20. Polysorbate 40. Polysorbate 
60. and Potysorbate 80. 

such as a saline solution (for example, a phosphate buffered saline solution*, or simply water, and stored preferably 
at a temperature of between about 2" C and about 10" C, preferably at about V C. Preferably, the water Is sterile. 

Typical storage conditions are, for example, a non-degassed aqueous solution of 0.9% NaCt maintained at 



_h, if desired, the saline solution 
may be hypotonic (e.g., about 0.3 to about 0.5% Nad). The solution also may be buffered. If desired, to provide a pH 
range of about pH 5 to about pH 7.4. Suitable buffers include, but are not limited to. acetate, dtrate, phosphate, bicar- 
bonate, and phosphate-buffered saline, 5%dextrose, and physiological saline (normal saline). 



n. cetylpyritHnlum chloride, chtorobutanol. chlorocresol, methytparaben. phenol, p 



[0122J By 'gas-filled-, as used herein, it is meant Sposomes having an Interior volume that Is at least about 10% gas. 
preferably at least about 25% gas. more preferably at least about 50% gas. even more preferably at least about 75% 
gas. and most preferably at least about 90% gas. It will be understood by one skilled In (he art. once armed with the 
present disclosure, that a gaseous precursor may also be used, followed by activation to form a gas. 
(0123J various biocompatible gases may be employed In tha gas-filled liposomes of the present invention. Such 
gases include air, nitrogen, carbon dioxide, oxygen, argon, fluorine, xenon, neon, hefium. or any and an combinations 
thereof. Other suitable gases will be apparent to those skilled in the art once armed with the present disclosure. In 
addition to the gaseous precursors disclosed herein, the precursors may be co-entrapped with other gases. For ex- 
ample, during the transition from the gaseous precursor to a gas in an enclosed environment containing ambient gas 
(as air), the two gases may mix and upon agitation and formation of microspheres, the gaseous content of the mlcro- 
{0124]* Tteslze * OwT 6 ° f tW ° W flaSCS ' dBpendent upon me densities of ,he 9ases mixed, 
somes, resonant frequenc^rttrasound wfflgenerally be higher thaTfor^torg^' Bp^meT Ster^Ilso^enre^to 
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modulate resultant liposomal btodistribution and clearance. In addition to filtration, the size of the liposomes can be 
adjusted, if desired, by procedures known to one skilled in the art, such as extrusion, sonication, homogentzation. the 
use of a laminar stream of a core of liquid introduced into an immiscible sheath of liquid. See, for example, U.S. Patent 
No. 4.728,578; U.K. Patent Application G3 2193095 A; U.S. Patent No. 4,728,575; U.S. Patent No. 4.737,323; Inter- 
national Application PCTAJS85/01161; Mayer et at. Blochlmlca el Biophyslca Acta 1986. 858. 161-168; Hope et al.. 
Blochlmlca et Btophysica Ada 1 9B5, 812, 55-65; U.S. Patent No. 4.533.254; Mayhew et aL. Methods in Enzymotogy 
1987,149.6^77;MayhewetaI..Bic«/rim/caef^^ 

1987,22.47-55; PCTVUS89/05O40; U.S. Patent No. 4.162,282; U.S. Patent No. 4.310.505; U.S. Patent No. 4,921.706; 
and Liposomes Technology, Gregorfadls. G., ed., Vol. I. pp. 29-37, 51-*7 and 79-108 (CRC Press Inc. Boca Raton, 
FL. 1984). The disclosures of each of the foregoing patents, publications and patent applications are incorporated by 
reference herein, In their entirety. Extrusion under pressure through pores of defined size is a preferred method of 
adjusting the size of the liposomes. 

10125] Since liposome size influences btodistribution, different size liposomes may be selected for various purposes. 
For example, for Intravascular application, the preferred size range Is a mean outside diameter between about 30 
nanometers and about 10 microns, with the preferable mean outside diameter being about 5 microns. 
I0126J More specifically, for Intravascular application, the size of the liposomes Is preferably about 10 pm or less In 
mean outside diameter, and preferably less than about 7 urn. and more preferably no smaller than about 5 nanometers 
in mean outside diameter. Preferably, the flposomes are no smaller than about 30 nanometers In mean outside diameter. 
I0127J To provide therapeutic delivery to organs such as the fiver and to allow differentiation of tumor from normal 
tissue, smaller liposomes, between about 30 nanometers and about 100 nanometers In mean outside diameter, are 

10128] For embolization of a tissue such as the kidney or the lung, the liposomes are preferably toss than about 200 
microns in mean outside diameter. 

p)1 29] For intranasal. Intrarectal or topical administration; the microspheres are preferably less than about 100 mi- 
crons in mean outside diameter. 

[0130] Large liposomes, e.g., between 1 end 10 microns in size, will generally be confined to the intravascular space 
until they are cleared by phagocytic dements lining the vessels, such as the macrophages and Kupofer cells lining 
capaiary sinusoids. For passage to the ceDs beyond the sinusoids, smaller liposomes, for example, less than about a 
micron in mean outside diameter, e.g.. less than about 300 nanometers In size, may be utilized. 
10131] The route of administration of the liposomes will vary depending on the intended use. As one skilled In the 
art would recognize, administration of therapeutic delivery systems of the present Invention may be carried out in 
various fashions, such as intravascularty. IntratymphaticaBy. parenterally, subcutaneously. Intramuscularly, intranasal!* 
hrtrarectaily. mtraperitoneaHy. Interstltially, into toe airways via nebulizer. hyperbarically. orally, topically, orintratumorty. 
using a variety of dosage forms. One preferred route of administration is intravascularty. For Intravascular use, the 



of the invention may also be Injected interstitially or into any body cavity. 

[0132] The delivery of therapeutics from the liposomes of the present invention using ultrasound Is best accomplished 
for tissues which have a good acoustic window for the transmission of ultrasonic energy. This Is the case for most 
tissues In the body such as muscle, the heart, the liver and most other vital structures. In the brain, in order to direct 
the ultrasonic energy past the skull a surgical window may be necessary. For body parts without an acoustic window, 
e.g. through bone, radlofrequency or microwave energy is preferred. 

101 33] Additionally, the Invention is especially useful in delivering therapeutics to a patient's lungs. Gaseous precur- 
sor-filled liposomes of the present invention ere fighter man. for example, conventional liquid-filled liposomes which 
generally deposit in the central proximal airway rather than reaching the periphery of the lungs. It is therefore believed 
that the gaseous precursor-filled liposomes of the present invention may improve delivery of a therapeutic compound 
to the periphery of the lungs. Including the terminal airways and the alveoli. For application to the rungs, the gaseous 
precursor-filled liposomes may be applied through nebuGza&on, for example. 

[0134J 2ttoftlposomes{fipld=83%OPPC/8% DPPE-PEG5.<)«W5%OPPA)entiap0ngairwasplacedinaneburizer 
and nebulized. The resulting liposomes post nebulization. were around 1 to 2 microns m size and were shown to float 
in the air. These size particles appear ideal for delivering drugs, peptides, genetic materials end other therapeutic 
compounds into the far reaches of the lung (I.e. terminal airways and alveoli). Because the gas filled liposomes are 
almost as tight as air. much lighter than conventional water filled liposomes, they float longer in the air. and as such 
are better for delivering compounds into the distal lung. When DNA is added to these liposomes, it Is readily adsorbed 
or bound to the liposomes. Thus, liposomes and microspheres filled by gas and gaseous precursors hold vast potential 
for pulmonary drug delivery. 

10135] In applications such as the targeting of the lungs, which are lined with lipids, the therapeutic may be released 
upon aggregation of the gaseous precursor-filled liposome with the lipids lining the targeted tissue. Additionally, the 
gaseous precursor-filled liposomes may burst after administration without the use of ultrasound. Thus, ultrasound need 
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not be applied to release the drug in the above type of administration. 

[0136J Further, the gaseous precursor-filled liposomes of the invention are especially useful for therapeutics that 
may be degraded In aqueous media or upon exposure to oxygen and/or atmospheric air. For example, the Bposomes 
may be filled with an inert gas such as nitrogen or argon, for use with labile therapeutic compounds. Additionally, the 
« gaseous precursor-fined Bposomes may be filled with an Inert gas and used to encapsulate a labile therapeutic for use 
in a region of a patient that would normally cause the therapeutic to be exposed to atmospheric air, such as cutaneous 
and ophthalmic applications. 

[0137] The gaseous precursor-filled Bposomes are also especially useful for transcutaneous delivery, such as a patch 
delivery system. The use of rupturing ultrasound may increase transdermal delivery of therapeutic compounds. Further. 
» a mechanism may be used to monitor and modulate drug deBvery. For example, diagnostic ultrasound may be used 
to visually monitor the bursting of the gaseous precursor-filled bposomes and modulate drug delivery and/or a hydro- 
phone may be used to detect the sound of the bursting of the gaseous precursor-filled liposomes and modulate drug 

[0138] In preferred embodiments, the gas-filled liposomes are administered in a vehicle as Individual particles, as 
» opposed to being embedded in a polymeric matrix for the purposes of controlled release. 

[0139] For in vitro use. such as cell culture applications, the gaseous precursor-filled liposomes may be added to 
the cells In cultures and then incubated. Subsequently sonic energy, microwave, or thermal energy (e.g. simple heating) 
can be applied to the ctrtture media containing the cells and liposomes. 

[01 40] Generally, the therapeutic deBvery systems of the invention are administered in the form of an aqueous sus- 
*> pension such as In water or a saline solution (e.g.. phosphate buffered saline). Preferably, the water is sterile. Also, 
preferably the saline solution is an isotonic saline solution, although, if desired, the saline solution may be hypotonic 
(e.g.. about 0.3 to about 0.5% NaCI). The solution may also be buffered, if desired, to provide a pH range of about pH 
5 to about pH 7.4. In addition, dextrose may be preferably included in the media. Further solutions that may be used 
for administration of gaseous precursor-filled liposomes include, but are not limited to almond oil. com oil. cottonseed 
» ofl. ethyl oteate. Isopropyl myri state, isopropyl palmitate. mineral on. myristyl alcohol, octyldodecanol. dive oil. peanut 
ofl. persic oil. sesame oil. soybean oil. squatene, myristyl oteate. cetyl oteate, myristyl palmitate, as well as other sat- 
urated and unsaturated alky) chain alcohols (C=2-22) esterified to elkyl chain fatty adds (C=2-22). 
[0141] The useful dosage of gaseous precursor-filled microspheres to be administered and the mode of administra- 
tion will vary depending upon the age, weight, and mammal to be treated, and the particular application (therapeutic/ 
so diagnostic) intended. Typically, dosage is initiated at tower levels and increased until the desired therapeutic effect Is 

[0142] For use in ultrasonic imaging, preferably, the Bposomes of the invention possess a reflectivity of greater than 
2 dB. more preferably between about 4 dB and about 20 dB. Within these ranges, the highest reflectivity for the lipo- 
somes of the invention is exhibited by the larger liposomes, by higher concentrations of liposomes, and/or when higher 
3S ultrasound frequencies are employed. 

[0143] For therapeutic drug delivery, the rupturing of the therapeutic containing liposomes of the invention Is surpris- 
ingly easily carried out by applying ultrasound of a certain frequency to the region of the patient where therapy Is 
desired, after the liposomes have been administered to or have otherwise reached that region. Specifically, ft has been 
unexpectedly found that when ultrasound is sppSed at a frequency corresponding to the peak resonant frequency of 

40 Ihe therapeutic containing gaseous precursor-filled liposomes, the liposomes win rupture and release their contents. 
[0144] The peak resonant frequency can be determined either in vfVo or fr> vitro, but preferably in vivo, by exposing 
the liposomes to ultrasound, receiving the reflected resonant frequency.slgnats and analyzing the spectrum of signals 
received to determine the peak, using conventional means. The peak, as so determined, corresponds to the peak 
resonant frequency (or second harmonic, as it is sometimes termed), 

41 (0145] Preferably, the liposomes of the invention have a peak resonant frequency of between about 0.5 mHz end 
about 10 mHz. Of course, the peak resonant frequency of Ihe gaseous precursor-filled liposomes of the invention will 
vary depending on the outside diameter and. to some extent, the elasticity or HexfcBity of the liposomes, with ihe larger 
and more elastic or flexible liposomes having a tower resonant frequency than the smaller and less elastic or flexible 

so [0146] The therapeutic-containing gaseous precursor-Tilled liposomes will also rupture when exposed to non-peak 
resonant frequency ultrasound In combination with a higher Intensity (wattage) and duration (time). This higher energy, 
however, results in greatly increased heating, which may not be desirable. By adjusting the frequency of the energy 
to match the peak resonant frequency, the efficiency of rupture and therapeutic release is improved, appreciable tissue 
heating does not generally occur (frequently no increase in temperature above about 2" C). and less overall energy is 

55 required. Thus, application of ultrasound at the peak resonant frequency, while not required, is most preferred. 

[0147] For diagnostic or therapeutic ultrasound, any of the various types of diagnostic ultrasound Imaging devices 
may be employed In the practice of the invention, the particular type or model of the device not being critical to the 
method of the invention. Also suitable are devices designed for administering ultrasonic hyperthermia, such devices 
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being described in U.S. PalenI Nos. 4,620.546. 4.658.828. and 4,586.51 2. the disclosures of each of which are hereby 
incorporated herein by reference in their entirety. Preferably, the device employs a resonant frequency (RF) spectral 
analyzer. The transducer probes may be applied externally or may be implanted. Ultrasound is generally initiated at 
lower intensity and duration, and then intensity, time, and/or resonant frequency increased until the liposome is visu- 
alized on ultrasound (for diagnostic ultrasound applications) or ruptures (for therapeutic ultrasound applications). 
I0148J Although application of the various principles will be readily apparent to one skilled in the art, once armed 
with the present disclosure, by way of general guidance, for gaseous precursor-filled liposomes of about 1.5 to about 
10 microns In mean outside diameter, the resonant frequency will generally be In the range of about 1 to about 10 
megahertz. By adjusting the focal zone to the center of the target tissue (e.g.. the tumor) the gaseous precursor-filled 
liposomes can be visualized under real time ultrasound as they accumulate within the target tissue. Using the 7.5 
megahertz curved array transducer as an example, adjusting the power delivered to the transducer to maximum and 
adjusting the focal zone within the target tissue, the spatial peak temporal average (SPTA) power win then be a max- 
imum of approximately 5.31 mW/cm 2 in water. This power will cause some release of therapeutic from the gaseous 
precursor-filled liposomes, but much greater release can be accomplished by using higher power. 
(0149] By switching the transducer to the doppler mode, higher power outputs are available, up to 2.5 watts per cm* 
from the same transducer. With the machine operating In doppler mode, the power can be delivered to a selected focal 
zone within the target tissue and the gaseous precursor-filled liposomes can be made to release their therapeutics. 
Selecting the transducer to match the resonant frequency of the gaseous precursor-filled liposomes win make this 
process of therapeutic release even mora efficient. 

a tower frequency transducer may be more effective ir^a^nplistUng therapeutic release. For example, a lowerm^ 
quency transducer of 3.5 megahertz (20 mm curved array model) may be selected to correspond to the resonant 
frequency of the gaseous precursor-filled liposomes. Using this transducer, 101.6 milliwatts per cm 2 may be delivered 
to the focal spot, and switching to doppler mode will increase the power output (SPTA) to 1.02 watts per cm 2 . 
p)151J To use the phenomenon of cavitation to release and/or activate the drugs/prodrugs within lite gaseous pre- 
cursor-filled Eposomes, lower frequency energies may be used, as cavitation occurs more effectively at lower frequen- 
cies. Using a 0.757 megahertz transducer driven with higher voltages (as high as 300 volts) cavitation of solutions of 
gaseous precursor-filled liposomes win occur at thresholds of about 52 atmospheres. 

instruments such as the Piconlcs Inc. (Tyngsboro. MA) Portascan general purposTscanner with receiver pulser 1966 
Model 661; the Picker (Cleveland. OH) Echoview 8L Scanner Including 80C System or the Medisonics (Mountain View. 
CA) Model 0-9 Versatone Bidirectional Doppler. In general, these ranges of energies employed In pulse repetition are 
useful for diagnosis and monitoring the gas-filled liposomes but are insufficient to rupture the gas-filled liposomes of 
the present invention. 



Table III 



Power and Intensities Produced by Diagnostic Equipment* 


Pulse repetition rate (Hz) 


Total ultrasonic power output P (mW) 


Average Intensity at transducer face lyp 
(W/m*) 


520 


42 


32 




9.4 


71 


806 


6.8 


24 


1000 


14.4 




1538 


2.4 





[0153J Higher energy ultrasound such as commonly employed in therapeutic ultrasound equipment is preferred for 
activation of the therapeutic containing gaseous precursor-filled liposomes. In general, therapeutic ultrasound ma- 
chines employ as much as 50% to 100% duty cycles dependent upon the area of tissue to be heated by ultrasound. 
Areas with larger amounts of muscle mass (I.e.. backs, thighs) and highly vascularized tissues such as heart may 
require the larger duty cycle, e.g.. 100%. 

10154) In diagnostic ultrasound, one or several pulses of sound are used and the machine pauses between pulses 
to receive the reflected sonic signals. The limited number of pulses used In diagnostic ultrasound limits the effective 
energy which is delivered to the tissue which is being imaged. 



EP 1252 885 A2 



10155) In therapeutic ultrasound, continuous wave ultrasound is used to deliver higher energy levels. In using the 
liposomes of the present Invention, the sound energy may be pulsed, but continuous 

at toast 



about 20 pulses at a time. 

10156] Either fixed frequency or modulated frequency ultrasound may be used. Fixed frequency is defined wherein 
the frequency of the sound wave is constant over time. A modulated frequency is one in which the wave frequency 
changes over time, for example, from high to low (PRICH) or from tow to high (CHIRP). For example, a PR1CH pulse 
with an initial frequency of 10 MHz of sonic energy Is swept to 1 MHz with increasing power from 1 to 5 watts. Focused, 
frequency modulated, high energy ultrasound may increase the rate of local gaseous expansion within the liposomes 
and rupturing to provide local delivery of therapeutics. 

[0157] The frequency of the sound used may vary from about 0.025 to about 100 megahertz. Frequency ranges 
between about 0.75 end about 3 megahertz are preferred and frequencies between Bbout 1 and about 2 megahertz 
are most preferred. Commonly used therapeutic frequencies of about 0.75 to about 1.5 megahertz may be used 
"*"'"^diagnosficfrequencies of about3 toabout 7.5 megahertz may also be used. For very small liposomes 

« mlnnn In moon ^ i_ t i » . . . - r 



liposomes will absorb sonic energy more effectively at higher frequencies of sound. When very high frequencies are 
used. e.g.. over 10 megahertz, the sonic energy wSI generally have limited depth penetration Into fluids and tissues. 
External application may be preferred for the skin and other superficial tissues, but for deep structures the application 
of sonic energy via Interstitial probes or intravascular ultrasound catheters may be preferred. 
10158J Where the gaseous precursor-filled liposomes are used for therapeutic delivery, the therapeutic compound 
to be delivered may be embedded within the wan of the liposome, encapsulated in the liposome and/or attached to the 
Sposome. as desired. The phrase 'attached to' or variations thereof, as used herein in connection with the location of 
the therapeutic compound, means, that the therapeutic compound is linked in st 



is thereof as used In connection with the location of the therapeutic compound, signifies 
tic compound wfthin the microsphere wan. The phrase •comprising a therapeutic- denotes 
aD of the varying types of therapeutic positioning in connection with the microsphere. Thus, the therapeutic can be 
positioned variabiy.suchBs.for example, entrapped wilhin the internal void of thegaseous precursor-filled rnicrosphere, 
situated between the gaseous precursor and the internal wall of the gaseous precursor-fiDed microsphere, ir 



10159] Any of a vs 

meant an agent having beneficial effect on the patient As used herein, the term Iherapeiiuc fe" synonymous with die 
terms contrast agent and/or drug. 

» delivered with gaseous precursor-filled liposomes may contain tor drug delivery 
o; hormone products such as, vasopressin and oxytocin and their derivatives, 
ts as iodine products and anti-thyroid agents; cardiovascular products as chelating agents 
al diuretics and cardiac glycosides; respiratory products as xanthine derivatives (theophylline & amlno- 
U-infecSves as aminoglycosides, antifungals (amphotericin), penicillin and cephalosporin antibiotics, anti- 
viral agents as Zfcto - """-' =>»•—<-■- « — »»»- • 




3d space of these 

is precursor installation process or into or onto the lipid membranes of these particles. 
" -* particles is preferred. Genetic materials and bfoactive products with a high 
. be incorporated directly into the lipid layer surrounding the gaseous precursor 
ut incorporation onto the surface of the gaseous precursor-filled lipid spheres Is more preferred. To accomplish this, 
groups capable of binding genetic materials or bioactive materials are generally incorporated into the lipid layers which 
win then bind these materials. In the case of genetic materials (DNA, RNA, both single stranded and double stranded 
and antisense and sense oligonucleotides) this Is readily accomplished through the use of cationic lipids or calionic 
. polymers which may be incorporated into the dried lipid starting materials. 
[0162] Kisthesurprisirgdiswveryofmelmen^^ 

with phosphatide add. e.g. dipalrnitoylphosphatidicacid in molar amounts in excess of 5 mole % and preferably about 
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10 male %, function as highly effective binders of genetic material. Such liposomes bind DNA avidly. This is surprising 
since positively charged liposomes were heretofore recognized as most useful for binding DNA. Liposomes with 5 
mote % to 10 mole % DPPA function as highly effective gas and gaseous precursor retaining structures. Compositions 
incorporating phosphatide acid are more robust for diagnostic ultrasound and useful for carrying DMA as well as other 



I0163J It is believed that nanoparticles, micropartides, and emulsions of certain precursors are particularty effective 
at accumulating In ischemic and diseased tissue. Such precursors can be used for detecting ischemic and diseased 
tissue via ultrasound and also for delivering drugs to these tissues. By co-entrapping drugs with the emulsions or 
nanoparticles comprising the gaseous precursors said drugs can then be delivered to the diseased tissues. For exam- 
ple, emulsions of. sulfur hexafluorido. hesafluoropropylene. bromochlorofluorornethane. octefluoropropane, 
1,1dichloro.fluoro ethane, haxafluoroe thane, hesafluoro-2-butyne. perfluoropBntane. perfluorobutane, octaftuofo- 
2-butene or hexafluorobuta-1 ,3-diene or octaftuorocyctopentene (27° C) can be used to deliver drugs such as cardiac 
glycosides, angiogenic factors and vasoactive compounds to ischemic regions of the myocardium. S&nBarty, emulsions 
of the above precursors may also be used to deliver arrtisense DNA or chemotherapeutics to tumors. It is postulated 
that subtle changes in temperature. pH and oxygen tension are responsible for the accumulation of certain precursors 
preferentially by diseased and Ischemic tissues. These precursors can be used as a delivery vehicle or in ultrasound 
for drug delivery. 

10164] Suitable therapeutics Include, but are not limited to paramagnetic gases, such as atmospheric air, which 
contains traces of oxygen 17; paramagnetic Ions such as Mn** Gd**. Fe* 4 : iron oxides or magnetite (FejOJ and may 
thus be used as susceptibility contrast agents for magnetic resonance imaging (MR)), radioopaque metal tons, such 
as Iodine, barium, bromine, or tungsten, for use as x-ray contrast agents, gases from quadrupotar nude), may have 
potential for use as Magnetic Resonance contrast agents, antineoplastic agents, such as platinum compounds (e.g.. 
spiroplatin, dsptatin. and carboptatbi). methotrexate, fluorouratit. adriamytin, taxd, mitomydn. ansamitodn. bleomy- 
cin, cytosine arabinoside. arabtnosyi adenine, mercaptopdyiysine, vincristine, busulfan. chlorambucil, melphalan (e. 
g.. PAM, L-PAM or phenylalanine mustard), mercaptopurine. rnitotane. procarbazine hydrochloride dactirtomyrin (ac- 
tinomydn D), daunorubidn hydrochloride, doxorubidn hydrochloride, mitomytin, pDcamydh (mlthramydn), aminoglu- 
tetHmide, estramustlne phosphate sodium, flutamide, leuproiide acetate, megestrol acetate, tamoxifen citrale, testol- 
actone, uUostane. amsacrine (m-AMSA), asparaginase (L-asparaglnase) Erwina asparaginase, etoposide (VP-16), 
Interferon a-2a. Interferon a-2b. teniposJde (VM-26). vinblastine sulfate (VLB), vincristine sulfate, bteomydn. bleomycin 
sulfate, methotrexate, adriamycin. and arabirtosyl, hydroxyurea, procarbazine, and dacarbazine; mitotic Inhibitors such 
as etoposide and the vinca alkaloids, radiopharmaceuticals such as radioactive iodine and phosphorus products: hor- 

and antituberculosis drut 
ids; bacterial vaccines; vh 
. . » and amtnophylHne; thyroid 
agents such as iodine products and anti-thyroid agents: cardiovascular products including chelating agents and mer- 
curial diuretics and cardiac glycosides: glucagon; Wood products such as parenteral Iron, hemln, hematoporphyrlns 
and their derivatives: biological response modifiers such as muramyldipeptide, muramyttiipeptide, microbial cell wall 
components, lymphoklnes (e.g.. bacterial endotoxin such as rrpopotysaccharida, macrophage activation fador). sub- 
units of bacteria (such as Mycobacteria, Corynebaderta). the synthetic dipepBde N-acetyHmjramyW.-alanyt-[Wso- 
glutamine: anB-fungal agents such as ketoconazole. nystatin, grfseofuhrtn. flucytosine (5-FC). miconazole, amphoter- 
idn B. ridn, cyclosporins, and pMactam antibiotics (e.g., sulfazedn); hormones such as growth hormone, melanocyte 
stimulating hormone, estradiol, bedomethasone diproptonate. betamethasone, betamethasone acetate and betame- 




e. triamtinolo- 

e. trfamdnotone acetonlda. triamdnolone diacetate. triamcinolone hexacetonide and fludrocortisone acetate, oxytoc- 
in, vasopressin, and their derivatives; vitamins such as cyanocobalamin nelnolc add. retinoids and derivatives such 
as retinol palmilate, and ct-tocopherol; peptides, such as manganese superoxide dimutase; enzymes such as alkaline 
phosphatase; anti-allergic agents such as amelexanox; anticoagulation agents such as phenprocoumon and heparin; 
drculstory drugs such as propranolol; metabolic potentiators such as glutathione; antituberculars such as para-ami- 
nosalicytic add, isoniazid. capreomycin sulfate cydoserine, ethambutol hydrochloride ethionamide, pyrazinamide, ri- 
fampin, and streptomycin sulfate; antivirals such as 
and vidarabine monohydrate (adenine arablni 



rityl tetranitrate. isosorbide dlnitrate. nitroglycerin (glyceryl trinitrate) and pentaerythritol tetran'rtrate; anticoagulants 
such as phenprocoumon, heparin; antibiotics such as dapsone, chloramphenicol, neomydn. cefador. cefadroxa. ce- 
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cflfin. cydadllin. pidoxadllin. hetacDIIn. methicfllin, nafcillin, oxacillin, penitillin. induding penidlDn G. penicillin V, Hcar- 
cillin rifampin and tetracycline; antiinflammatories such as difunisal, Ibuprofen, Indomethacin. medofenamate. 
mefenamicacid, naproxen, oxyphenbutazone. phenylbutazone, piroxicam, sulindac. totmetin, aspirin and salicylates: 
antlprotozoans such as chloroquine. hydroxychloroquine, metronidazole, quinine and meglumine antimonate; antirheu- 
matics such as penicillamine; narcotics such as paregoric; opiates such as codeine, heroin, methadone, morphine and 
opium; cardiac glycosides such as destanoside. digitoxin. digoxin, digital and digitalis; neuromuscular blockers such 
as atracurium besytate, galiamine triethlodide, hexafluorenium bromide, metocurine Iodide, pancuronium bromide, 
suecinylcholine chloride (suxamethonium chloride), tubocurarine chloride and vecuronium bromide; sedatives (hypno- 
tics) such as amobarbital. amobarbrtal socfium, aprobarbital. butabarbHal sodium, chloral hydrate, ethchtorvynol, etrU- 
namate, flurazepam hydrochloride, glutetWmide. methotrtmeprazine hydrochloride, methyprylon, midazolam hydro- 
chloride, paraldehyde, pentobarbital, pentobarbital sodium, phenobarbital sodium, secobarbital sodium, talbutal. 
' J " chasbuprvacainehydrrxluoftte.r^^ 

to hydrochloride and tf 




monoclonal antibody 

ch as nudeic adds. RNA, and DNA. of either natural 
nt RNA and DNA and antisense RNA and DMA. Types of genetic material ttiat 
_ is carried on expression vectors such as ptasmlds, phagemkJs, oosmlds. yeast 
ss (YACs). and defective ortietper" viruses. arrSgene nudeic adds, both single and double strand- 
ed RNA and DNA and analogs thereof, such as phosphorothloate. phosphoroamidate, and phosphorodithioate ofigo- 
deojqmudeoBdes. Additionally, the genetic material may be combined, for example, with proteins or other polymers. 
Examples of genetic therapeutics that may be applied using the liposomes of the present Invention include 



a portion of CFTR. DNA encoding at least a portion of IL-2. DNA encoding at least a portion of TNF. a 
oligonucleotide capable of binding the DNA encoding at least a portion ofRas. 
(0168] DNA encoding certain proteins may be us 



may be provided to treat ADA defldency; tumor necrosis factor and/or lntorleukln-2 may be 
provided to treat advanced cancers; HDL receptor may be provided to treat liver disease: thymidine kinase may be 

interteukirt-2 may be provided to treat neuroblastoma, malignant melanoma, or kidney cancer; interteukir^ may be' 
provided to treat cancer; HIV env may ba provided to treat HIV Infection; antisense ras/p53 may be provided to treat 



J0169J If desired, more than one therapeutic may be applied using the Uposomes. For example, a single liposome 
may contain more than one therapeutic or liposomes containing different therapeutics may be co-admlnistered. By 
way of example, a monoclonal antibody capable of binding to melanoma antigen and an oligonucleotide encoding at 
least a portion of IL-2 may be administered at the same time. The phrase "at least a portion of," as used herein, means 
that the entire gene need not be represented by the oSgonudeotide. so long as the portion of the gene represented 
provides an effective Wock to gena expression. 

[0170] Similarly, prodrugs may be encapsulated in the liposomes, and are Induded within the ambit of the term 
therapeutic as used herein. Prodrugs are wen known in the art and indude Inactive drug precursors which, when 
exposed to high to ' 



e. In the presence of oxygen or olhar- 



jn of ultrasound or radiofrequency mi- 
crowave energy to the prodrug-containing liposomes with the resultant cavitation, heating, pressure, and/or release 
from the liposomes. Suitable prodrugs will be apparent to those skated in the art, and are described, for example, in 
Sinkula et al., J. Pharm. Sd. 1975. 64. 181-210, the disclosure of which are hereby incorporated herein by reference 
in its entirety. 



[0171] I 



lin a chemical group is present 

on the prodrug which renders it inactive and/or confers solubility or some other property to the drug. In this form, the 
prodrugs are generally inactive, but once the chemical group has been deaved from the prodrug, by heat cavitation, 
pressure, and/or by enzymes in the surrounding environment or otherwise, the active drug is generated. Such prodrugs 
are well described in the art, and comprise a wide variety of drugs bound to chemical groups through bonds such as 
esters to short, medium or long chain aliphatic carbonates, hemiesters of organic phosphate pyrophosphate sulfate 
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[01 72) Examples of drugs with the parent molecule and the reversible modification or linkage are as follows: conval- 
latoxin with ketals. hydantoin with alky) esters, chlorphenesin with glycine or alanine esters, acetaminophen with caf- 
feine complex, acetylsaficylic add with THAM salt, acetylsalicylic acid with acetamidophenyt ester, naloxone with sulfate 
ester. 15^ethylproslaglandm with methyl ester, procaine with polyethylene glycol, erythromycin with alkyl esters, 
clindamycin with alkyl esters or phosphate esters, tetracycline with betaine salts, 7-acylaminocephalosporins with rlng- 
substitutedacyloxybenzyt esters, nandrotorte with phenylproprionate decanoate esters, estradiol with enol ether acetal. 
methylprednlsoJone with acetate esters, testosterone with n-acerylgtucosaminlde glucosiduronate (trimethylsSyl) ether. 
Cortisol or prednisolone or dexamethasone with 21-phosphate esters. 

[0173] Prodrugs may also be designed as reversible drug derivatives and utBized as modifiers to enhance drug 
transport to site-specific tissues. Examples of parent molecules with reversible rnodificatioris or linkages to influence 
transport to a site specific tissue and for enhanced therapeutic effect Include isocyanate with hatoalkyl nitrosurea. 
testosterone with propionate ester, methotrexate (a-5'-oTchloromelhotrexete) with dlaBcyl esters, cytoslne arablnoside 
wlthS'-acylate, nitrogen mustard (2,?-o1chtoro4l-methykliettiytamlna). nitrogen miistardwrmammomethyltetracycfine. 
nitrogen mustard with cholesterol or estradiol or dehydroepiandrosterone esters and nitrogen mustard with azoben- 
zene. 

[0174] As one stalled in the art would recognize, a particular chemical group to modify a given drug may be selected 
to influence the partitioning of the drug into either the membrane or the Internal space of the liposomes. The bond 
selected to link the chemical group to the drug may be seleded to have the desired rate of metabolism, e.g., hydrolysis 
in the case of ester bonds In the presence of serum esterases after release from the gaseous precursor-fined liposomes. 
Additionally, the particular chemical group may be selected to influence the biodistribution of the drug employed In the 
gaseous precursor-filled drug carrying liposome invention, e.g.. N.N-Ns(2-chtoioetrryl)i)hc«p1iorodlamldlc add with 
cycfc phosphoramide for ovarian at' 



» may be designed to contain 
is modifiers of duration of activity to provide, prolong or depot action effects. 
For example, nicotinic add may be modified with dextran and carboxymethrydextran esters, straptomydn with algjnic 
add salt, dihydrostreptomydn with pamoate salt, cytarabine (ara-C) with ff-adamantoate ester, ara adenosine (ara- 
A) with 5-palmitate and ff-benzoate esters, amphotericin B with methyl esters, testosterone with 17-8-alkyl esters, 
estradiol with formate ester, prostaglandin with 2-{4*™dazDtyltethylamine salt, dopamine with amino add amides, 
chloramphenicol with mono- and bis[frimethyfcllyi) ethers, and cydoguanil with pamoate salt hi this form, a depot or 
reservoir of long-acting drug may be released In vivo from the gaseous precursor-filled prodrug bearing liposomes. 

- - " *i are generally thermally labile may be utiBzed to create toxic free radical com- 



Ih azolinkages. peroxides and disulfide linkages which decompose with high temperature are 
preferred. With this form of prodrug, azo. peroxide or disulfide bond containing compounds are activated by cavitation 
and/or increased heating caused by the Interaction of high energy sound with the gaseous precursor-filled liposomes 
to create cascades of free radicals from these prodrugs entrapped therein. A wide variety of drugs or chemicals may 
constitute these prodrugs, such as azo compounds, the general structure of such compounds being R-N=N-R, wherein 
R is a hydrocarbon chain, where the double bond between the two nitrogen atoms may react to create free radical 
products In vivo. 

[0177] Exemplary drugs or compounds which may be used to create free radical products indude azo containing 




eries, espedally manganese, Iron and copper can increase the rate of for- 
mation of reactive oxygen intermediates from oxygen. By encapsulating metal tons within the liposomes, the formation 
of free radicals in vivo can be increased. These metal ions may be incorporated into the liposomes as free salts, as 
complexes, e.g.. with EDTA, DTPA. DOTA or desferoxamine, or as oxides of the metal Ions. Additionally, derfvatjzed 
complexes of the metal ions may be bound to lipid head groups, or lipophilic complexes of the ions may be incorporated 
imoaSpidl^yer.forexam0e.wmenexpo^ 

the rate of formation of reactive oxygen intermediates. Further, radtosensitizers such as metronidazole and misonJda- 
zde may be incorporated into the gaseous precursor-filled Sposomes to create free radicals on thermal stimulation. 
(0179) By way of an example of the use of prodrugs, an acylated chemical group may be bound to a drug via an 
ester linkage which would readily deave in vivo by enzymatic action in serum. The acylated prodrug is incorporated 
into the gaseous precursor-filled liposome of the invention. The Derivatives. In addition to hydrocarbon and substituted 



groups. Perfluoroalkyl groups should possess the ability to stabilize the emulsion. When the gaseous precursor-filled 
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liposome is popped by the sonic pulse from the ultrasound, the prodrug encapsulated by the liposome will then be 
exposed to the serum. The ester linkage Is then cleaved by esterases in the serum, thereby generating the drug. 
[0180} Similarly, ultrasound may be utilized not only to rupture the gaseous precursor-fitted liposome, but also to 
cause thermal effects which may increase the rate of the chemical cleavage and the release of the active drug from 
the prodrug. 

[0181J The liposomes may also be designed so that there Is a symmetric or an asymmetric distribution of the drug 
both Inside and outside of the liposome. 

[01 82] The particular chemical structure of the therapeutics may be selected or modified to achieve desired solubility 
such that the therapeutic may either be encapsulated within the Internal gaseous precursor-filled space of the liposome, 
attached to the liposome or enmeshed In the liposome. The surface-bound therapeutic may bear one or more acyt 
chains such that, when the bubble is popped or heated or ruptured via cavitation, the acytated therapeutic may men 
leave the surface and/or the therapeutic may be cleaved from the acyt chains chemical group. Similarly, other thera- 
peutics may be formulated with a hydrophobic group which is aromatic or sterol in structure to incorporate into the 
surface of the liposome. 

[0183] The present Invention is further described In the following examples, which illustrate the preparation and 
testing of the gaseous precursor-fined liposomes. Examples 1-5, and 22-24 are actual; Examples 6-21 are prophetic 
The following examples should not be construed as limiting the scope of the appended claims. 

Example 1: Preparation of 6as-FIIIod Upld Spheres from Perfluorobutane 

[0184] Gaseous precursor-containing liposomes were prepared using perftuorobutane (Prate and Bauer. Waterbury. 
CT) as follows: A 5 ml solution of lipid. 5 mg per ml. lipid = 87 mole percent DPPC, 8 mole percent DPPE-PEG 5.000. 

glycerol:propylene glycol, was placed In a glass bottle with a rubber stopper (volume of bottle = 15.8 ml). Air was 
evacuated from the bottle using a vacuum pump. Model Welch 2-Stage DirecTorr Pump (VWR Scientific, Centos. CA) 
by connecting the hose to the bottle through a 18 gauge needle which perforated the rubber stopper. After removing 
me gas via vacuum, perfluorobutane was placed In the stoppered battle via another 18 gauge needle connected to 
tubing attached to the canister of perfluorobutane. This process was repeated 5 times such that any traces of air were 
removed from the stoppered bottle and the space above the lipid solution was completely filled with perfluorobutane. 
The pressure inside the glass bottle was equilibrated to ambient pressure by allowing the 18 gauge needle to vert for 
a moment or two before removing the 18 gauge needle from the stopper. After fitting the bottle with perfluorobutane 
the bottle was secured to the arms of a Wlg-L-Bug™ (Crescent Dental Mfg. Co.. Lyons. IL) using rubber bands to 
fasten the bottle. The bottle was then shaken by the Wig-L-Bug~ for 60 seconds. A frothy suspension of foam resulted 
and it was noted that it took several minutes for any appreciable separation of the foam layer from the dear solution 
at the bottom. After shaking, the volume of the material hcreasedfrcro5«xtoabo«t12cc, suggesting matmeDrxasomes 
entrapped about 7 cc of the perfluorocarbon gaseous precursor. The material was sized using en Accusizer (Model 
770, Particle Sizing System. Santa Barbara. CA) and also examined by a light polarizing microscope (Nixon TMS. 
Nikon) at 150 x magnification power. The liposomes appeared as rather large spherical structure with mean diameter 
of about 20 to 50 microns. A portion of these liposomes was then injected via a syringe through a Coster filter (Syrfil 
800938. Coster. Piaasanton. CA) with pore sizes of 8 microns. The liposomes were again examined via right microscope 
and the Accusizer System. The mean size of the liposomes was about 3 microns and the volume weighted mean was 
about 7 microns. Greater that 99.9 percent of the liposomes were under 11 microns in size. The above experiment 
exhibits the use of a gaseous precursor gas. perfluorobutane. can be used to make very desirable sized liposomes by 



[0185) The above was substantially repeated except thai after firing the bottle with perfluorobutane at room temper- 
ature the bottle was then transferred to a freezer and the material subjected to a temperature of -20° C. At this tem- 
perature the perfluorobutane became liquid. Because of the glycerol and propylene glycol, the lipid solution did not 
freeze. The bottle was quickly transferred to the Wig-i-Bug« and subjected to shaking as described above for three 

ature and was noted to be slightly wan^to the touch secondary to the energy imparted through shaldngby" iheWig- 
L-Bug™. At the end of vortexing a large volume of foam was again noted similar to that described above. The resulting 
liposomes were again studied by rghtmiaoscopyareJAcaislzer.Apc^ 

an 8 micron filter as described above and again studied by microscope and Accusizer. The results from sizing were 
substantially the same as with the gaseous precursor as described above. 

[0186) Imaging was performed in a New Zealand White rabbit weighing about 3.5 kg. The animal was sedated with 
rabNtfnix(Xyter»10mg/rnl;Ketemlne1W 

Model No. 7200. clinical ultrasound machine, scanning the kidney by color doppler with a 7.5 MHz transducer. Simul- 
taneously while the kidney was scanned the rabbits heart was also scanned using a second Acoustic Imaging ultra. 
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sound machine, model n. 5200, with a 7.5 MHz transducer for grey scale imaging of the heart Injection of the perfluor- 
o butane-filled liposomes was administered via ear vein through a syringe fitted with a 8 micron filter (see above). After 
injection of 0.5 cc (0.15 cc per kg) of liposomes containing the gaseous precursor peril uorobutane, dramatic and sus- 
tained enhancement of the kidney was observed for over 30 minutes. This was shown as brilliant color within the renal 
parenchyma reflecting Increased signal within the renal arcuate arteries and microcirculation. The simultaneous im- 
aging of the heart demonstrated shadowing for the first several minutes which precluded visualization of the heart, I. 
e. the reflections were so strong the ultrasound beam was completely reflected and absorbed. After several minutes, 
however, brilliant and sustained ventricular and blood pool enhancement was observed which also persisted for more 
than 50 minutes. Images were also obtained of the liver using the grey scale ultrasound machine. These showed 
parenchymal and vascular enhancement at the same time as the cardiac and blood pool enhancement 
(0187] In summary, this experiment demonstrates how liposomes can be used to entrap a gaseous precursor and 
create very stable liposomes of defined and ideal size. The invention has vast potential as an ultrasound contrast agent 
and for drug delivery. Because the liposomes are so stable they will pass through the target tissue (a tumor for example) 
via the circulation. Energy can then be focused on the target tissue using ultrasound, microwave radiofrequency or 
magnetic fields to pop the liposomes and perform focal drug delivery. 

Example 2: Preparation of Gaseous Precursors via Micraflutdixation 

[0188] Gaseous precursor-filled lipid biiayers were prepared as in Example 1 except after addition of the gaseous 
precursor, the contents were microfluidized through six passes on a Mtaoflultfics rnicroflukfizer (Microfluidics Inc., 
Newton. MA). The stroke pressure ranged between 10,000 and 20.000 psl. Continuing with the preparation as per 
Example 1. produced gas-filled lipid biiayers with gaseous precursor encapsulated. 



[0189] Gas-filled Bpid biiayers were prepared as set forth in Example 1 except for the fact that DPPC was used in 
combination with 5 mote % phosphatide acid (AvantJ Polar Lipids, Alabaster, AL). Formulation of gas-filled lipid biiayers 
resulted in an increase in solubility as exemplified by a decrease in the amount of lipid particulate in the tower aqueous 
vehicle layer. Resultant sizing appeared to decrease the overall mean size vs. DPPC alone to less than 40 urn. 

Example 4: Formulation of gas-filled lipid biiayers using phosphatide add, 
dipalmitoylphosphaUdylelhanolamlno-PEG 5,000 and dlpalmHoylphosphaOdytehollne 

(0190] Peril uorobutane encapsulated lipid biiayers were formed as discussed in Example 3 except that the Bpid 
formulation contained 82% drpalrnHoylphosphatidyldidine. 10 mole % dipatmitoylphosphatidic add. and 8 mole % 
oTpalmitoylphosphatidvIemaridamine-PEG 5.000 (Avanti Polar Lipids. Alabaster. AL) in a vehicle consisting of 8:1:1 
M normal safine:propylene glycd:gtycerol. yielding a foam and a lower vehicle layer that was predominantly devoid 
of any particulate, variations of this vehicle yielded varying degrees of darity to the lower vehicle layer. The formulation 
was prepared Identically as In Example 3 to yield gas-filled lipid biiayers containing perfluorobutane. Prior to filtration, 
the gas-filled microspheres were sized on a Particle Sizing SYstems Model 770 optical sizer (Particle Sizing Systems, 
Santa Barbara, CA). Sizing resulted In 99% of all particles residing below 34 urn. The resultant product was then filtered 
through an 8 urn filter to yield microspheres of uniform size. Sizing of the subsequent microspheres resulted In 99.5% 
d an particles residing below 10 urn. This product was used In the In vivo experiments in Example 1. 
(01 91] It is noted that the vehicle was altered with other viscosity modifiers and solublBzers in varying proportions 
which resulted in greater or lesser degrees of clarity and particulate. Amongst a variety of lipids and lipid analogs used 
in combination. It was subsequently found that the introduction of DPPE-PEG Bpid significantly improved the size 
distribution and apparent stability of the gas-filled lipid bBayers. 

Example 4A: Binding of DMA by Gas-Filled Lipid Biiayers 

[01 92] Binding of DNA by liposomes containing phosphatide add and gaseous precursor and gas containing lipo- 
somes. A 7mM solution of dtetearoyl-srvglycerophospate (OSPA) (Avanti Pdar Lipids. Alabaster, AL) was suspended 
in normal saline and vortexed at 50" C. The material was allowed to cool to room temperature. 40 micrograms of 
pBR322 ptasmkl DNA (International Biotechnologies, Inc., New Haven, CT) was added to the lipid solution and shaken 
gently. The solution was cenbifuged for 10 minutes in a Beckman TJ-6 Centrifuge (Beckman, Fullerton, CA). The 
supernatant and the predp'rtate were assayed for DNA content using a Hoefer TKO-100 DNA Fluorometer (Hoefer, 
San Francisco. CA). This method only detects double stranded DNA as it uses an intercalating dye. Hoechst 33258 
which Is DNA specific. It was found that the negatively charged liposomes, or lipids with a net negative charge, prepared 
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with phosphatide add surprisingly bound the DNA This experiment was repeated using neutral liposomes cc,..^, 
of DPPC as a control. No appreciable amount of DNA was detected wfth the DPPC liposomes. The experiment w^_ 
repeated using gas-filled liposomes prepared from an 87:8:5 mote percent of DPPC to DPPE-PEG 500 lo DPPA mixture 
of lipids In a microsphere. Again, the DNA bound to the gas-filled liposomes containing dlpalmitoyfphosphatidlc add. 

Example 5: MicroemulslflcaUon of Precursor 

[0193] A Microfluldizer (Mierofluldics. Newton. MA) was placed In a cold room at -20° C. A stoppered glass flask 
containing a head space of 35 cc of perfluorobutane and 25cc of lipid solution was taken into the cold room. The lipid 
solution contained an 83:8:5 molar ratio of DPPC:DPPE ♦ PEG 5.000.DPPA in 8:1:1 phosphate buffered saline (pH 
7.4):glyceroI:propylene glycol. The solution did not freeze In the cold room but the perfluorobutane became liquid. 
[0194] The suspension of lipids and Squid gaseous precursor was then placed Into the chamber of the Microfluldizer 
Bnd subjected to 20 passes at 16.000 psi. limited size vesicles, having a size of about 30 nm to about 50 nm, resulted 
Upon warming to room temperature, stabilized microspheres of about 10 microns resulted. 



[0195] Fifty mg of 1 2^ipalmitoyt^n^cero^hosphori»fine (MW: 734.05. powder. Lot No. 1 60pc-183) (Avanfi- 
Polar Lipids. Alabaster. AL) is weighed and hydrated with 5.0 ml of saline solution (0.9% NaCi) or phosphate buffered 
saline (0.8% sodium chloride. 0.02% potassium chloride. 0.115% dibasic sodium phosphate and 0.02% monobasic 
potassium phosphate. pH adjusted to 7.4) in a centrifuge tube. To this suspension Is added 165 uL mM of 2-methyt- 
2-butene. The hydrated suspension is then shaken on a vortex machine (SdenHfic Industries. Bohemia. NY) for 10 
minutes at an instrument setting of 6.5. A total volume of 12 mi is then noted. The saline solution is expected to decrease 
from 5.0 ml to about 4 ml. 

[01961 The gaseous precursor-filled liposomes made via this new method are then sized by optical microscopy. It 
wffl be determined that the largest size of the liposomes ranged from about 50 to about 60 urn and the smallest size 
delected is about 6 urn. The average size ranges from about 1 5 to about 20 urn. 

■ [0197] The gaseous precursor-filled liposomes are then filtered through a 10 or 12 jim "NUCLEPORE" membrano 
using a Swin-Lok Fitter Holder. (Nudepore miration Products, Costar Corp.. Cambridge. MA) and a 20 cc syringe 
(Becton Diddnskm & Co.. Rutherford. NJ). The membrane is a 10 or 12 urn "NUCLEPORE* membrane {Nudepore 
Filtration Products. Costar Corp., Cambridge. MA). The 10.0 urn fitter Is placed in the Swin-Lok Filter Holder and the 
cap tightened down securely. The liposome solution is shaken up and transferred to the 20 cc syringe via an 18 gauge 

. needle. Approximately 12 ml of liposome solution Is placed Into the syringe, and the syringe Is screwed onto the Swin- 
Lok Fitter Holder. The syringe and the filter holder assembly are inverted so that the larger of the gaseous precursor- 
Bposomes veddes could rise to the top. Then the syringe is gentry pushed up and the gaseous precursor-filled 



[0188] The survival rate (the amount of the gaseous precursor-filled liposomes that are retained after the extrusion 
process) of the gaseous precursor-filled liposomes after the extrusion through the 10.0 um filter is about 83-92%. 
Before hand extrusion, the vdume of foam is about 12 ml and the vdume of aqueous solution is about 4 ml. After hand 
extrusion, the volume of foam Is about 10-11 ml and the volume of aqueous solution Is about 4 ml. 
[0199] The optical microscope is used again to determine the size distribution of the extruded gaseous precursor- 
filled liposomes. It win be determined that the largest size of the liposomes range from about 25 to about 30 um and 
the smallest size detected is about 5 um. The average size range Is from about 8 to about 15um. 
[0200] It is found that after filtering, greater than 90% of the gaseous precursor-filled Bposomes are smaller than 15 

Example 7: Preparation of Gaseous Precursor-Filled Liposomes Incorporating LyophlRzatJon 

[0201] Fifty mg of 1 ,2-Dirjatn*ovl-sr^lycero-3-PhosphocfK>lB»e. (MW: 734.05, powder) (Avanti-Polar Lipids, Ala- 
baster. AL) is weighed and placed into a centrifuge tube. The lipid is then hydrated with 5.0 ml of saline solution (.9% 
Nad). To this suspension is added 165 uL mL- 1 of 2-me(hy)-2-butene. The lipid is then vortexed for 10 minutes at an 
instrument setting of 8.5. After vortexing. the entire solution is frozen in liquid nitrogen. Then the sample is put on the 
tyophilizer for freeze drying. The sample is kept on the lyophifizer for 18 hours. The dried lipid Is taken off the tyophlRzer 
and rehydrated in 5 ml of saline solution and vortexed for ten minutes at a setting of 6.5. AsmaD sample of this solution 
Is pipetted onto a slide and the solution is viewed under a microscope. The size of the gaseous precursor-filled lipo- 
somes will then be determined. It will be determined that the largest size of the liposomes is about 60 um and the 
smallest size deteded Is about 20 um. The average size range Is from about 30 to about 40 um. 
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C0202J Fifty mg of 1.2-Dfpalmitoyl-Sn-Glycefo-3-Phosphocholine (MW: 734.05. powder) (Avanti-Polar Upids. Ala- 
baster, AL) is weighed and placed Into a centrifuge tube. To this suspension is added 165 uL ml.-' of 2-methyl-2-butene. 
Approximately two feet of latex tubing (0.25 in. inner diameter) Is wrapped around a conical centrifuge tube in a coll- 
like fashion. The latex tubing is then fastened down to the centrifuge tube with electrical tape. The latex tubing is then 
connected to a constant temperature circulation bath (VWR Scientific Model 1131). The temperature of the bath is set 
to 60* C and the circulation of water Is set to high speed to circulate through the tubing. A thermometer is placed to 
the lipid solution and found to be between 42" C and 50* C. 

|0203] The lipid solution Is vortexed for a period of 10 minutes at a vortex Instrument setting of 6.5. It will be noted 
that very Rule foaming of the lipid (phase transition temp. = 41" C) and that the suspension did not appreciably form 
gaseous precursor-filled liposomes. Optical microscopy revealed targe lipldic particles In the solution. The number of 
gaseous precursor-fined liposomes that form at this temperature is less than 3% of the number that form at a temper- 
ature below the phase transition temperature. The solutionis allowed to sit for 15 minutes until the solution temperature 
equilibrated to room temperature (25* C). The solution Is then vortexed for a duration of 10 minutes. After 10 minutes 
it will be noted that gaseous precursor-filled liposomes formed. 



(0204| 50mgof 1.2-Oipal 



losphocholine (MW: 734.05. powder) (Avanfi-Potar Upids. Alabas- 
ter. AL) is welflhed and placed Into a centrifuge tube. The lipid Is then hydrated with 5.0 ml of .9% NaCI added. To this 
suspension is added 165 uL ml"' of 2-methyl-2-butene. The aqueous lipid solution Is vortexed tor 10 minutes at an 
instrument setting of 6.5. After vortexing. the entire solution Is frozen In liquid nitrogen. The entire solution is than 
thawed in a water bath at room temperature (25 s C). The freeze thaw procedure is then repeated eight times. The 
k '" : '" 5 '-'' —-■—--«■ — -"- : -"-atan instrument settlngof 6.5. Gaseous rjrecureor-filledDposomes 



3: Preparation of Gaseous Precursor-Filled Liposomes with an Emulsifying Agent (Sodium Lauryl 



(0205J Two centrifuge tubes are prepared, each having 50 mg of DPPC. 1 mol% (-0.2 mg of Duponol C lot Mo. 
2832) of sodium lauryl sulfate Is added to one of the centrifguge tubes, and the other tube receives 10 mot% (2.0 mg 
of Duponol C tot No. 2832). Rve ml of .9% NaCt is added to both centrifuge tubes. 165 uL mL-' of 2-methyt-2-t>utene 
is added to both tubes. Both of the tubes are frozen In Squid nitrogen and lyophiGzed for approximately 16 hours. Both 



(0206) It will be determined that the largest size of the gaseous precursor-filled liposomes with 1 mol% of sodium 
lauryl sulfate is about 75 urn and the smallest size detected Is about 6 urn. The average size range is from about 15 
to about 40 urn. It will be determined that the largest size of the gaseous precursor-filled liposomes with 10 mo>% of 
sodium lauryl sulfate is about 90 urn and the smallest size detected is about 6 urn. The average size range is from 
about. 15 to about 35 pm 

ti 1 mol% sodium lauryl 



is Precursor-Filled Upos 



be Generated by Sonicatlon 

[0208] 50 mg of lipid. 1 ,2-Dip«Imitoyl^n^lycetr>3-Pr«>sphocholine (Avantt-Polar Lipids. Alabaster. AL), Is weighed 
out and hydrated with 5 ml of .9% Nad To this suspension is added 165 uUmL-' of 2-melhyl-2-butene. Instead of 
vortexing. the aqueous solution is sonicated using a Heat Systems Sonlcator Ultrasonic Processor XL (Heat Systems, 
Inc.. Farmingdale, NY) Model XL 2020. The sonicator. with a frequency of 20 KHz, is set to continuous wave, at position 
4 on the knob of the sonicator. A micro tip is used to sonicate for 10 minutes at a temperature of 4" C. Following 



be evidence of gaseous precursor-filled liposomes having been produced. 
[0209] Next, the above is repeated with sonfcation at a temperature of 50* C and 165 uL mL ' of 2-methyl 2-butene 
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is viewed under the microscope. The production of gas-filled liposomes with sonication above the temperature of the 
transition of the gas resulted in a lower yield of gas-filled fipfd spheres. 

Example 12: Determination of Concentration Effects on Gaseous Precursor-Fllled Liposome Production 

I0210J This example determined whether a lower concentration limit of the lipid halts the production of gaseous 
precursor-filled liposomes. Ten mg of 1.2-Oipalmitoy«i»Kaycero-34>rK)sphocholine (Avanfi-Polar Lipids. Alabaster 
AL) is added to 10 ml of saline. To this suspension is added 16S uL/mL-» of 2-methyl-2-t>utene. The lipldfealine/gas 
precursor solution is vortexed at position 6.5 for 10 minutes. The solution is viewed under an optical microscope for 
sizing. It will be determined that the largest size of the liposomes ranges from about 30 to about 45 um and the smallest 



m previously shown. Thus, it appears that concentration of the 



are more fragile as they appear to burst more rapidly 
. .. fe a faetof h ^ gBnefatlon stabj)ity ^ 



I0212J Unfillered gaseous precursor-filled nposomes may be drawn Into a 
cade of a "NUCLEPORE" 10pm fitter and 8 um fitter th 



ill syringe and passed through a 
-part(ngures3and4). Alton " 



for example, the sample may be filtered through a stack of 10 um and 8 um filters that ar„ «, 
each other - Gaseous ^precursor^lled liposomes are passed through the filters at a pressure whereby the flow rate is 
z.0 mi ffflrr\ The subsequently filtered gaseous precursor-filled liposomes are then measured for vietd of oa^mn: 
precursor-filled lipid liposomes which results In a volume of 80-90% of the unfiltered volume. 
t0213 ! 1718 resuHin 9 flaseous precursor-filled liposomes are sized by four different methods to determine their size 



el 770 O, 



red by Universal Imaging, and a Coulter Counter 
s., England). As seen in Figures 5 and 6. the size of the gaseous precursor- 
ibuted around 8 - 1 0 pm as compared to the unfiltered gaseous precursor- 
filled liposomes. Thus. H can be seen that the filtered gaseous precursor-filled liposomes are of much more uniform size. 

Example 14 Preparation of Filtered DPPC Suspension 

f0214| 250mgOf^(*paln*oylphosphatidylctwr B »)and10rrtof0.9%Na 
tube (Bectc^cWnson. UncoJn Park, NJ) and rnairrtained at an ambient temperetere (apprex. 2^ 

hrough a 1 um Nudepore (Coster, 
e. The resultant suspension Is sized on a Parade 



Sizing Systems (Santa a 



el 370 laser light scattering sizer. AD lipid particles are 1pm or smaller In 



[0215} lna<W«ion, me sanra arrant off^Pagas precursor su 
(Mtcrofhiidlcs Corporation. Newton. MA) microffuidizerat 18.00C 

sized on a Particle Sizing Systems (Santa Barbara. CA) Sub Micron Partde Steer Model sV^laseTfohi scatterinn 



Example 15: Preparation of Flttered DSPC Suspension 
I0216J 1WnyDSre(dM.w ) Ap^^ 

tube (Becton-DicWnsor). Lincoln Park. NJ). To this suspension Is added 165 uUmL"' of 2-mett.yl-2-b U tene. The sus- 
pension is then extruded through a 1 um "NUCLEPORE" (Coster. Pleasantor, CA) polycarbonate membrane under 
STS a, . 30( t 800 dbL ^ resuKam suspension is steed on a Particle Sizing Systems (Santa Barbara. 
CA) Sub Micron Particle Sizer Model 370 laser light scattering sizer. It will be found that an particles ar 
In size. 

(02171 lnaddition,thesanieamountofDPP<ygaspre«ir^ 

L^^f^^^^^^.^l™^^ 6 ' at 1 B - m " sl Th8 msuiU3n * suspension, which is less m 
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Example 16: Sterilization of Filtered Lipid Suspensions by Autoclavlng 

I0218J The previously steed suspensions of DPPC/gas precursor and DSPC/gas precursor of Examples 9 and 1 0 
are subjected to autodaving for twenty minutes on a Bamstead Model C57835 autoclave (Bamstead/Thermolyne. 
Dubuque. IA) and then subjected to shaking. A filtration step may be performed Immediately prior to use through an 

10219) After equilibration to room temperature (approx. 20° C). the sterile suspension Is used for gaseous precursor 



Example 17: Gaseous Precursor Instillation of Filtered, Autodaved Lipids via Vortexlng 

[0220} 10 ml of a solution of 1 ^ipalmltoyHihosphatJdytcholine at 25 mg/ml In 0.9% Nad, which had previously 
been extruded through a 1 um filter and autodaved for twenty minutes. Is added to a Falcon 50 ml centrifuge tube 
(Becton-Dickinson. Lincoln Park. New Jersey). To this suspension is added 165 pUrnL-i of 2-methyl-2-butene. After 
equilibration of the lipid suspension to room temperature (approximately 20" C). the liquid Is vortexed on a VWR Gerie- 
2 (120V. 0.5 amp. 60 Hz.) (Scientific Industries. Inc, Bohemia. NY) for 10 minutes or until a time that the total volume 
of gaseous precursor-filled liposomes is at least double or triple the volume of the original aqueous Bpld solution. The 
solution at the bottom of the tube is almost totally devoid of anhydrous particulate lipid, and a large volume of foam 
containing gaseous precursor-filled liposomes results. Thus, prior autoclavlng does not affect the ability of the lipid 

it does not decrease the ability of the lipid suspensions to form gaseouTprecurso^fifed HposomeT 8 Rp0S ° m8S ' and 

Example 18: Gaseous Precursor Instillation of Filtered, Autodaved Lipids via Shaking on Shaker Table 



10221) 10 ml of a solution of 1.2-dlf 



le at 25 mg/ml in 0.9% Nad. which has previously 



been extruded through a 1 um filter and autodaved for twenty minutes, is added to a Falcon 5t „„„ 

(Becton-Oldanson. Lincoln Park. NJ). To this suspension is added 165 pL/mL" 1 of perfluoropentane (PCR Research 
Chemicals, Gainesville. FL). After equilibration of the lipid suspension to room temperature (approximately 20° C) the 
tube is then placed upright on a VWR Sdentrfic Orbital shaker (VWR Scientific. Centos. CA) and shaken at 300 rp. 
m. for 30 minutes. The resultant agitation on the shaker table results In the production of gaseous precursor-filled 



w [0222J The above experiment may be performed replacing perfluoropentane with sulfur hexafluoride. hexaffuoropro- 
pytene. bromochtorofluoromethane. octefUraropropane. 1,1 dichloro, ftuoro ethane, hexaftuoroethane, hexafluoro- 
2-butyne. perfluoropentane, perliuorobutane. octafluoro-2-butene or hexafluorobuta-1.3-diene oroctefluorccyctopen- 
tene, an with the production of gaseous precursor filled Bposomes. 

•» Example 19: Gaseous Precursor Instillation of Filtered. Autodaved Lipids via Shaking on Shaker Table via 
Shaking on Paint Mixer 

[0223] 10 ml of a solution of 1.2KfipaJrrdtoy4>r^phatkJyldiofine at 25 mg/ml in 0.9% NaCt, which has previously 
been extruded through a 1 um filter and autodaved for twenty minutes. Is added to a Falcon 50 ml centrifuge tube 
45 (BectorhDiddnson. Lincoln Park, NJ). To this suspension Is added 165uL/mL-» of 2-methyl-2-butene. After equilibration 
of the lipid suspension to room temperature (approximately 20° C), the tube Is inimobflized inside a 1 gallon empty 
household paint container and subsequently placed in a mechanical paint mixer employing a gyrating motion for 15 
minutes. After vigorous mixing, the centrifuge tube is removed, and it is noted that gaseous precursor-fined liposomes 

so 

Example 20: Gaseous Precursor Instillation of Filtered, Autodaved Uptds via Shaking by Hand 

[0224] 10 ml of a solution of 1,2-<lipalmitoyl-phosphatidylchoRne at 25 mg/ml in 0.9% NaCI. which had previously 
been extruded through a 1 um nudepore filter and autodaved for twenty minutes, is added to a Falcon 50 ml centrifuge 
55 »>*e (Becton-Dickinson. Lincoln Park. NJ). To this suspension Is added 1 65 uL/mL-' of imethyW-outene. After equi- 
libration of the lipid suspension to room temperature (approximately 20° C), the tube is shaken forcefully by hand for 
ten minutes. Upon ceasing agitation, gaseous precursor-filled liposomes form. 
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I0225J Gaseous precursor-filled liposomes are produced from DPPC as described in Example 17. The resultant 
unfiltered liposomes are drawn into a SO ml syringe and passed through a cascade filter system consisting of a "NU- 
CLEPORE* (Costar. Pteasanton, CA) to urn filter followed by an 8 urn fitter spaced a minimum of 150 pm apart In 
addition, on a separate sample, a stacked 10 urn and 8 um filtration assembly is used, with the two filters adjacent to 
one another. Gaseous precursor-filled liposomes are passed through the filters at a pressure such that they are filtered 
a rate of 2.0 ml/min. The filtered gaseous precursor-fined liposomes yields a volume of 60-80% of the urrfiltered volume. 
{0226] The resultant gaseous precursor-filled liposomes are sized by four different methods to determine their size 
distribution. Sizing is performed on a Particle Sizing Systems (Santa Barbara. CA) Model 770 Optical Sizing unit, and 
a Zeiss. (Oberkochen. Germany) Axtoplan optical microscope interfaced to Image processing software (Universal Im- 
aging. West Chester. PA) and a Coulter Counter (Coulter Hectronics Limited. Luton, Beds.. England). As illustrated in 
Figure 8. the sfze of the gaseous precursor-filled liposomes Is more uniformly distributed around 8- 10pm as compared 



Example 22: Extra Efficient Production of Gas-Precursor Filled Lipid Spheres 

[D227J The same procedure as in Example 6 is performed except that the stoker used Is a Crescent "Wig-L-Bug™ 
(Crescent Manufacturing Dental Co.. Lyons. IL). The formulation Is then agitated for 60 seconds instead of the usual 
5 minutes to 10 minutes as described previously. Gas-filled lipid spheres are produced. 

Example 23 

J0228I 100 pL of perfluoropentane (bp 29.5° C. PCR Research Chemicals. Gainesville. FL) was added to a 5 mgt 
ml lipid suspension and vortexed on a Genie D mixer (Scientific Industries. Inc.. Bohemia, NY) at room temperature 
at power setting of 6.5. A Richmar (Richmar Industries, Inoia, OK) 1 MHz therapeutic ultrasound device was then used 
to perform hyperthermia, elevating the temperature to above 42°Cas measured by a thermometer. Upon reaching 
the phase transition temperature^ gas microspheres were noted. A simultaneous scanning was performed with a di- 
ss microspheres could also be visu- 

e (bp 27° C. PCR Research Chemicals. 



[0230J An experiment identical to Example 23 was performed where the suspension was vortexed and injected Into 
a Harlan-Sprague Dawley rat, 300 grams, previously given a C5A tumor cell line In the left femoral region. A Richmar 
1 MHz therapeutic ultrasound was then placed over the tumor region and an adriamycin embedded lipid suspension 
injected Intravenously. The therapeutic ultrasound was then placed on a continuous wave (100% duty cycle) setting 

of the adriamycin emulsion, however, no ultrasound was utilized in this animal. VviWnmreeweks tt^sn'oted^ 
the tumor, compared to the control without the use of ultrasound, was noticeably smaller. 
(0231) various modifications of the invention In addition to those shown and described herein will be apparent to 
those skilled in the art from the foregoing description. Such modifications are also Intended to fan within the scope of 
the appended claims. 



1. A method for preparing temperature activated gaseous precursor-filled microspheres comprising shaking an 
aqueous solution comprising a lipid in the presence of a gaseous precursor at a temperature below the gel state 
to liquid crystalline state phase transition temperature of the lipid. 

2. The method as in feature 1 wherein said method is performed al the activation temperature of the precursor. 



3. The method as in feature 1 wherein the shaking step comprises vortexing. 
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4. The method as in feature 1 further comprising filtering and heat sterilizing said aqueous lipid solution. 

5. The method as In feature 1 further comprising extruding the microspheres through at least one filter ofasetected 

6. The method as in feature 5 wherein the pore size is about 10 urn or smaller. 

7. The method as in feature 1 further comprising hydra ting a dried lipid to form an aqueous solution comprising a 
lipid. 

8. The method as in feature 1 wherein said gaseous precursor is selected from the group consisting of fluorine, 
perfluoromethane, perfluoroethana. oerfluoropropane. perfluorobutane, perfluoropentane, perftiorohexahe, sulfur 
hexafiuoride. hexaftooropropyfene, bromodiloroftuoromethane, octafluoropropane, 1,1 dichloro, fluoro ethane, 
hexa fiuoroethane. hexafluoro-2-butyne, perfluoropentane, perfluorobutane, octafluoro-2-butene, hexafluorobuta- 
1,3-diene. octaBuorocyctoperrtene. hexafluoroacetone, isopropyl acetylene, aBene. tetrafluoro altene, boron triftu- 
ortde, 1,2-butadiene, 1.3-butadiene. 1.2.3-Wdiloro.2-fluoro-1.3-butadlene, 2-methyl,1. 3-butadlene, hexafiuoro- 
1,3-butadiene, butadiene, 1-fluoro-butane, 2-methyf-butane, decaftuoro butane, 1-butene, 2-butene, 2-methyt- 
1-butene. 3-rnethyM-butene. perituoro-1-butene. perffuoro-2-butene, 4-phenyt-3-butene-2-one, 2-methyi- 
1-outene-3-yna. butyl nitrate, 1-butyne. 2-butyne, 2<htoro.1.1.1.4.4.4-hexafluoro-ljutyne. 3-methyl-1-buiyne, per- 
fluoro-2-butyne. 2-brofrto-butyraldehydo. carbonyl sulfide, crotonon'rtrile, cydobutane. methyt-cydobutane, or> 
tafhioio-cyclobutane. perfluoro-cyclobutene, 3-chloro-cyclopentene. cyclopropane. 1 ,2-dimethyl-cyclopfopane. 
I.l^imethyt^yclopropane. 1,2-cEmethyl cyclopropane, ethyl cyclopropane, methyl cyclopropane, diacetytene. 
3-ethyl-^methyi cTazirfdine. 1,1 ,14rifluorodiazoethane. dimethyl amine, hexafiuoro-dirnethyl amino, dimethyiethyl- 
amine, bis-(0]methyl phosphlne)amlne, 2,3-dimethyl-2-norbomane l perfluoro-dimethytamine. dimethytoxonfum 
chloride, 1.3-dioxolane-2-one, 4-methyi, 1.1,1.2-tetrafiuoro ethane. 1,1.1 trifluoroethane. 1.1.2.2-tetrafluor- 
oethane, 1,1,24richlorc-1,2,2-trrlU»oroettane, 1,1 dichloro ethane. 1.1-dichtorc-1 ,2,2,2-tetrafluoro ethane, 1,2-df- 
fluoro ethane. 1-ch!oro-1.1.2.2,2-pentafluoro ethane. 2 -diloro. 1 .1 -cfifluoroethane, 1-chloro-1.1A24etratluoro 
ethane, 2-chloro, 1,1-dfftuoro ethane, chloroethane, cMoropentafluoro ethane, dichtojtrtrifluoroethane. fiuoro- 
ethane, hexaftuoro-ethane. nttro-pentaffuoro ethane, nitroso-pentafluoro ethane, perfluoro ethane, perfluoroethyl- 
amine. ethyl vinyl ether, 1.1-dichtoro ethylene, 1.1-ddaoro-1,2^ffiuoro ethylene. 1.2-difluoro ethylene, Methane. 
Methane-sutfonyl chlorido-trifluoro. Methane-sutfonyl fluoride-trifluoro, Methane-(Dentefluorotruo)trinuoro, Meth- 
ane-bromo dffluoro n'rtroso. Methane-bromo fluoro, Methane-bromo cMoro-fluoro, Methane-DronwMrifiuoro, Meth- 
ane-chloro difluoro rritro. Metharte-chtorodinitro. Methane-chtoro fluoro. Methane-chtoro bifluoro, MeUrane-chloro- 
dilUioro. Methane-dibromo difluoro, Methane-dichloro difluoro, Methane-dichloro-fluoro, Methane-difluoro, Meth- 
ane^fifiuorofodo. Methane-disilano. Methane-fluoro, Methane4odo-trifluoro, Methane-nitnXrrfluoro. Methane-nJ- 
troso-trifluoro. Methane-tetrafluoro, Metharie-trichlorotluoro, Methane^rifluoro, Methanesulfenyldiloride-triftuoro, 
2- Methyl butane. Methyl ether. Methyl Isopropyi ether. Methyl lactate. Methyl nitrite, Melhyl sulfide. Methyl vinyl 
ether. Neon. Neopentane. Nitrogen. Nitrous oxide, 1,2,3-Nonadecane tricarboxylic add-2-hydroxylrirrrethylester. 
1-Nonene-3-yne, Oxygen. 1.4-Pentadlene. n-Pentane, Pentane-perfluoro, 2-Printer»nfr4-arrano-4-rriethyl. 
1-Pentene. 2-Pentene {cis}, 2-Pentene {trans}, 1-Pentene-3-bromo, 1-Pentene-perftuoro. Phthafic add-tetrachlo- 
ro. Piperidine-2.3.6-trirnethyl, Propane. Propano-1 , 1 .1 ,2.2,3-hexafluoro. Propane-1,2^poxy. Propane-2.2 difluoro. 
Propane-2-amlno. Propane-2-chloro. Propane-heptafluoro-l-fu'tro. Propane-heptafluoro-1-nItroso. Propana-per- 
fluoro. Propene. Propyl-i,l.i^.3.34iexafluoro-2,3di(*loro. Propylwie-1-chloro, PropyieneH*ioro-{trans}, Propyl- 
ene^- chloro. Propyteno-3-fluoro, Propylene-perfiuoro. Propyne, Propyne-3.3,34rifluoro, Styrene-3-fluoro, Sulfur 
hexafiuoride. Sulfur (di)-decafluoro(S2F10), Tduene-2.4-diamino, TrrBuoroacetonilrile, TriBuoromethyl peroxide. 
Trifluoromethyl sulfide. Tungsten hexafiuoride. Vinyl acetylene. Vinyl ether, and Xenon. 

9. The method of feature 1 wherein said lipid is selected from the group consisting of fatty adds; h/sdipids; phos- 
phafldytchdine: dldeoytprtosphatkrytchollne: dimyristoylphosphatidylchdine; dipentadecanoylphosphatidylchc- 
line; dilauroytphosphatidytchdine; dioleoylptwsphatfdylchoiine; dlpairnitcryiptosphatidylchoBne; dJstearoytphos- 
phaMylchdine; phosphatldylethanolamlne; dldeoylphosphatidylethanolamine; phosphaBdylserine; phosphaU- 
dyfglycerd; phosphatidylinositd: sphlngdipids; sphingomyelin; gtycotpids; ganglioslde GM1: ganglioslde GM2; 
gluoolipidr, sulfaBdes; glycosphingolipids; phosphatidic add; palmlUc add; stearic add; arachtdonic add; dele 
add; lipids bearing polymers such as pdyethyleneglycd, chitin. hyaluronic add or polyvinylpyrrolidone; lipids bear- 
ing sulfonated mono-, dh digo- or polysaccharides; cholesterol, cholesterd sulfate; cholesterol hemisucdnate; 
tocopherol hemisucdnate, lipids with ether and esteMlnted fatty adds, polymerized lipids, diacetyl phosphate. 
stearylamine.(^iolidn.phosphoMpidsvrithsto^ 

with asymmetric acyl chains. W5-cholesten-3^ytoxy)-14hlo^-<]aladoDvranosiae. tEoalactosvldlatvceride 
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^5<hotesten-3B-ytoxy)hoxyl^amin<>^eoxy-1-thlo^-D^alactopyranDside. 6-{5-cholesten-3B-yloxy)hexyi- 
6-amino-6K)eoxyl-14hio-a-0-mannop>Tanoside. 12^((7'^!ethylarrtr»coumarirv3-yl)rart>on>1)rrielhylarnino}-octa- 
decanoic acid; N-{1 2^((r^lelhylamin«»uroatin-3-yl)cartx)ny))methytainlno) odadecanoylJ-2-aminopatmitic acid; 
chotesteryl)4'-trin»thyi-ammonio)bulanoate; N-sucrinytdioteoylphosphatidyteftanol-amlne; 1,2-dfoleoyt-sn-glyc- 
erot1,2-dipalmitoyl-sn-3-succinyfglyeerol; 1.3^palmft(^-2-sucdny^lycefo).14iexadecyl-2^lrrmoytglyce»fr 
phosphoethanolamlne; palmitoylhomocysteine; and/or combinations thereof: lauiylbimethyfammonfum bromide, 
catyl trims thylammonium bromide, myristyltrimethylammonium bromide, aJkyidlmethytbenzytammonium chloride, 



and perfluorotributylantfne; and further comprising a lipid bearing a covalentty bound polymer. 

10. The method of feature 9 wherein said polymer is between 400 and 200.000 molecular weight 

11. The method of feature 9 wherein said polymer is between 1.000 and 20,000 molecular weight. 

12. The method of feature 9 wherein said polymer Is between 2,000 and 8.000 molecular weight 

13. Tha method of feature 9 wherein said lipid bearing a covatentJy bound polymer comprises compounds of the 
formula XCHY^CHjJn-OKCI-yn-YCHX wherein X is an alcohol group. Y is OH or an alky) group and n is 0 to 
10.000. 

14. The method of feature 9 wherein said polymer is selected from the group consisting of poryethyieneglycol. 
polyvinylpyrrolidone, potyvinylalcohol and polypropyleneglycol. 

1 5. The method of feature 9 wherein said polymer is poryethyieneglycol. 

16. The method of feature 9 wherein said Bold comprises from about 1 mole % to about 20 mole %. 

17. The method of feature 1 wherein said lipid comprises an aliphatic compound with an alkyl group of between 
2 to 30 carbons. 

18. The method of feature 1 wherein said lipid Is a phospholipid. 

19. The method of feature 1 wherein said lipid is a triglyceride. 

20. The method of feature 1 wherein said lipid is an oa. 

21. The method of feature 1 further comprising one or more viscosity active compounds. 

22. The method of feature 21 wherein said viscosity active compound Is selected from the group consisting of 
alcohols, potyaleohols. propyleneglycol. glycerol, sorbitol, cellulose, methylceilutose. xanthan gum, hydroxymetn- 
yteeOutose, carbohydrates, posphorylated carbohydrates, and sulfonated carbohydrates. 

23. The method of feature 1 further comprising one or more emulsifying agents selected from the group consisting 
of acacia, cholesterol, orethanoJamine, glyceryl monostearate. lanolin alcohols, lecithin, monoglycerides, triglyc- 
erides, mono-ethanolamine. oleic add, oleyl alcohol, poloxamer, pofyoxyethylene 50 stearate, potyoxyl 35 caster 
on, potyoxyl 10 oteyl ether, polyoxyl 20 cetytetearyl ether, potyoxyl 40 stearate. potysorbato 20, porysorbate 40, 
potysorbate 60. potysorbato 80, propylene glycol diacetale, propylene glycol monostearate. sodium tauryl sulfate, 
sodium stearate. sorbttan monostearic acid, tro) amine, emulsifying wax. 

24. The method of feature 1 further comprising suspending agents selected from the group consisting of acacia, 
agar, algintc acid, aluminum mono-stearate. bentonite, magma, carbomer 934P, carboxymethylcellulose. calcium 
and sodium and sodium 12. carrageenan, cellulose, dextrin, gelatin, guar gum, hydroxyethyl cellulose, hydroxy- 
propyl methylceilutose. magnesium aluminum silicate, methylceilutose. pectin, polyethylene oxide, polyvinyl alco- 
hol, povidone, propylene glycol alginate, silicon dioxide, sodium alginate, tragacanth, xanthum gum. 

25. The method of feature 1 further comprising a vehicle selected from the group consisting of almond oil. com 
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26. The method of feature 1 wherein said lipid comprises one or more polymer mtcropartides. 

27. The method of feature 26 wherein said polymers have molecular weights of from about 500 to a 



28. The method of feature 26 wherein said polymer Is a protein. 

29. The method of feature 26 wherein said polymer (s a synthetic polymer. 



31. The method of feature 30 wherein said polymer is selected from the group consisting of polyvinytalcohol. 
polyethylenegrycol, porypropy' 

32. The method of feature 1 wi 

33. The method of feature 1 wherein said gaseous precursor has an activation temperature of from -125"C to 70°C. 

34. The method of feature 1 wherein said gaseous precursor has an activation temperature of from -100°C to 70°C. 



36. The method of feature 1 wherein said shaking comprises microemubyftcabon. 



37. A method for preparing temperature activated gaseous precursor-filled Kpid microspheres comprising shaking 
an aqueous solution comprising a fipid, in the presence of a gaseous precursor, and separating the resulting gas- 
eous precursor-filled lipid microspheres for diagnostic or therapeutic use. 



a) introducing an aqueous solution comprising a lipid into a vessel; 

b) introducing a gaseous precursor into said vessel; 

c) shaking said aqueous lipid solution in the presence of said gaseous precursor so as to Instill at least a 
portion of said gaseous precursor into saw aqueous solution, said shaking performed with sufficient Intensity 
and duration to produce a gaseous precursor-fflleoMip<>sonie-contaIning foam above said aqueous solution: 
and 

d) extracting at least a portion of said gaseous precureor-fjlled^pr^some-oontaining foam from said vessel. 
39. The method as in feature 38 wherein said method is performed at the activation temperature of the precursor. 



41. The method according to feature 40, wherein the step of cooling eaid aqueous solution comprises cooling said 
aqueous solution below the gel state to liquid crystalline slate phase transition temperature of said lipid in said 



42. The method according to feature 38, further comprising the step of pressurizing said vessel. 

43. The method according to feature 38 , further comprising the step of sizing said gaseous precursor-filled Hpo- 

44. The method according to feature 43 . wherein the step of sizing said gaseous precursor-filled liposomes com- 
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46. The method according to feature 43 , wherein the ^ 
from said vessel Is controlled by setting the location within 



47. The method according to feature 43. wi 
from said vessel Is controlled by adjusting lh„ 
liposomes are extracted during the step of ex 

48. The method according to feature 43. wi~.„„ , lepu i^ing saia oase 
prises forcing said extracted gaseous precursor-filled liposomes throughaffl 

49. The method according to feature 43. wherein the st 
Prises controlling the intensity of said shaking. 

50. The method according to feature 38, further comprising the st, 
somes extracted from said vessel into a syringe without further pr 



vessel from which said gaseous precursor-filled 
the size of said gaseous precursor-filled lip 




52. . The method according to feature 38. wherein the step of 
of vortoxing said aqueous solution. 



53. The method according to feature 38 , v 
of shaking said vessel. 



in the step of shaking said at 



is solution comprises the step 



54. The method according to feature 38 , wl 

said aqueous solution with sufficient interrsihMto creates 
in less than about 30 minutes. 




b) means for introducing an aqueous solution comprising a lipid Into said vessel- 

c) means for introducing a gaseous precursor into saw v t ' 

d) means for instilling said gaseous precursor into said ac 
foam containing gaseous precursor-filled liposomes within said vessel, and " 

e) means for controlling temperature of said vessel. 

58. The apparatus according to feature 57. whereinsaid m. 

means for introducing dried lipids and means for inducing an aqueous nidh'Sr^Sf^T' 

59. The apparatus according to feature 57. wherein said means for inlroducinn an aoueous Itoid « 
comprises means for introducing a therapeutic compound into Vessel ' ^ * 
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60. The apparatus according to feature 57, wherein said means (or instilling said gaseous precursor into said 
aqueous solution comprises means for shaking said aqueous solution. 

61. The apparatus according to feature 60 , wherein said means for shaking said aqueous solution comprises 
means for shaking said vessel. 

62. The apparatus according to feature 60. wherein said means for shaking said aqueous solution comprises 
means for vortexing said aqueous solution. 

63. The apparatus according to feature 57. further comprising means for cooling said aqueous solution. 

64. The apparatus according to feature 57 . further comprising means for extracting said foam from said vessel. 

65. The apparatus according to feature 64 . wherein said means for extracting said foam from said vessel comprises 
means for adjusting the vertical location at which said foam is extracted from said vessel. 

66. The apparatus according to feature 57. further comprising means for flowing said gaseous precursor-filled 
liposomes extracted through a filter assembly. 

67. The apparatus according to feature 66. wherein said filter assembly comprises first and second filters spaced 
a predetermined distance apart. 

66. The apparatus according to feature 57. further comprising means tor sizing said gaseous precursor-filled lipo- 
somes. 

69. The apparatus according to feature 57, further comprising a filter in flow communication with said vessel. 

70. The apparatus according to feature 57. further comprising means for pressurizing said vessel. 

71 . The apparatus according to feature 57. further comprising means for flowing said gaseous precursor-filled 
liposomes produced from said vessel into a syringe substantially without further processing. 

72. Gaseous precursor-filled liposomes prepared by a gel state shaking gaseous precursor instillation method. 

73. A method of making temperature activated gaseous precursor-filled microspheres, comprising the steps of; 

a) introducing en aqueous solution comprising a lipid into a vessel; 

b) introducing a gaseous precursor into said vessel; 

d) filtering said aqueous Bpfd solution: 9 P or; 

e) shaking said aqueous lipid solution above the activation temperature of said gaseous precursor In the pres- 
ence of said gaseous precursor so as to Instil! at least a portion of said gaseous precursor into said aqueous 
solution, said shaking performed with sufficient intensity and duration to produce a gaseous precureor-filled- 
liposome-containing foam above said aqueous solution; and 

74. The method as In feature 73 wherein said method Is performed at or above the activation temperature of said 
gaseous precursor. 

75. The method according to feature 73, further comprising the step of coding said aqueous solution. 

76. The method according to feature 75 . wherein the step of cooling said aqueous solution comprises cooling said 
aqueous solution below the gel state to liquid crystalline state phase transition temperature of said lipid In said 
aqueous solution. 

77. The method according to feature 73 . further comprising the step of pressurizing said vessel. 

7B. The method according to feature 73, further comprising the slep of sizing said gaseous precursor-filled Bpo- 
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79. The method according to datm 78. wherein the step of siring said gaseous precursor-filled liposomes comprises 
- controlling the size of said gaseous precursor-filled liposomes extracted from said vessel. 

80. The method of feature 38 where said method takes place In a syringe and further comprising passing said 
aqueous lipid solution through filter at the end of said syringe. 



82. The method of feature 1 wherein sad lipid comprises fatty adds: lysolipids: phosphattdylchoUno; dioteoytphos- 
phatidylchotine; dimyristoyfphosphatidylchoBne; dipentadecartoytphosphafa'dyt-choline; dlteuroytphosphatidytcho- 
Rne; ololeoylphosphatidyl-chotine; dipalmHc^rjrKX^riatidytcholirte; distearoylr^phaUdylcholir»; pnosphau- 

tol; sphingoBpids; sphingomyeUn: glycdiplds; ganglioside GM1; gangtioside GM2; glucolipids; sutfatides; gly- 
cosphingoflplds: phosphatidic add: palmitic add: stearic add; arachidontc add; oleic add; lipids bearing polymers 
such as pofyathyleneglycol. chttin. hyaluronic add or rx>lyvinytpyrrondor»; lipids bearing sulfonated mono-. oV. 
ollgo- or polysaccharides; cholesterol, cholesterol sulfate: cholesterol hemisucdnate; tocopherol hembucdnate. 
lipids with ether and ester-finked fatty adds, polymerized lipids, diacetyl phosphate, stearytamlne. cardioBpbi. phos^ 
phollplds with short chain fatty adds of 6-8 carbons in length, synthetic phospholipids with asymmetric acyl chains. 
H5<hdesteri-3fVyloxyH^f>C^atectopyranoslde. digatactosyldlglycertde. 6-<5-cholesten-3£-yioxy)hBxyl- 
f^rrUno-6-deoxy-1-thk>-f>0^alactopyrar^ fH5<holesler>-3^yloxy)haxyl-6-arrJnc-6-dec^1-tru 
mannopyranoside. 12-{({r-<fiewytormnoe«imarin-3^^ acid; N-[12-(<(7'-di- 

athylamirK>caumann-3-yl)cart^ a^ecanoylh2-ammopalmiticadd; diolesteryl^-trimethyl-am- 

monio)butanoate; N-succinyldioleoytphosphatidytethartol-amine; 1.2-d 
3-sucdnylgtyoerol; 1 .3-dipalmiloyl-2-sucdnyiglycorol; 1 -hexadecyl-2-p; 
palmitoyrhomocystelne: and/or combinations thereof, lauryttrimethylami 



flucfotnljutytemine; and further comprising a lipid bearing a net negative charge. 
83. The method of feature 62 wherein said lipid bearing a net nt 



84. The method of feature 82 wherein said lipid bearing a negative charge comprises phosphatidic ac 



86. The method of feature 41 further comprising the step of pressurizing said vessel. 



88. The apparatus according to feature 87, further comprising means for pressurizing said vessel. 

89. Themethod of making a rracrosphere of feature 1 comprising dipa!mitoylphospliatidylcholine,dipalmitoylphos- 
phatidlc add. and dipalmitoylphosphattdylethanolamine covatentty linked to polyethylene glycol. 

SO. The method of making a microsphere of feature 1 comprising a lipid selected from the group consisting of 
dipaimitoylphosphatidylchofine. dipalmltoylphosphatidic add. dipalmitoylphosphaUdytethanolamine. and polyeth- 
ylene glycol. 

91. The method of making a microsphere of feature 1 comprising at least one dipalmitoyl lipid. 
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92. "Pie method of feature 38 wherein said vessel is a barrel of a syringe, said syringe also comprising at least 
one filter and a needle: said step of extracting comprises sizing said gas-filled liposomes by extruding said lipo- 
somes from said barret through said filter. 

93. The method of feature 38 wherein said vessel is a barrel of a syringe. 

94. The method of feature 93 wherein said syringe also comprises at least one filter and a needle: said step of 
extracting comprises sizing said gas-filed liposomes by extruding said liposomes from said barrel through said 



95. The method of feature 44 comprising drawing said liposomes into a syringe, said syringe comprising a barrel, 
at least one filter, and a needle: whereby said filter sizes said liposomes upon drawing said liposomes into said 

96. The method of feature 44 comprising extruding said liposomes into a barrel of a syringe, said syringe also 
comprising at least one filter and a needle; whereby said fitter sizes said liposomes upon extruding said liposomes 
from said barrel. 

97. The method of feature 44 whorein said step of extracting comprises drawing said gas-filled fiposome-containing 
foam Into a syringe, said syringe comprising a barrel, at least one filter, and a needle; thereby sizing said liposomes. 

98. The apparatus of feature 64 wherein said vessel is a barrel of a syringe, said syringe also comprising at least 
one filter and a needle: said means for extracting comprises means for sizing said gas-fined liposomes by extruding 
said liposomes from said barrel through said filter. 

99! The apparatus of feature 58 wherein said vessel is a barrel of a syringe. 

100. The apparatus of feature 99 wherein said syringe also comprises at least one filter and a needle: and further 
comprising a means for extracting comprising means for sizing said gas-filled liposomes by extruding said lipo- 
somes from said barrel. 

101 . The apparatus of feature 57 wherein said vessel is a barrel of a syringe, said syringe also comprising at least 
one filter and a needle; whereby said filter is a means lor sizing said liposomes upon drawing said liposomes into 
said barrel. 

102. The apparatus of feature 64 wherein said means for extracting comprises means for sizing said gas-filled 
liposome-contalnlng foam Into a syringe, said syringe comprising a barrel, at least one filter, and a needle; thereby 
sizing said liposomes upon extracting said liposomes from said syringe. 

103. The apparatus of feature 64 further comprising a means for extracting comprises means for drawing said 
gas-filled liposome-containing foam Into a syringe, said syringe comprising a barrel, at least one filter, and a needle; 
wherein said means for drawing liposomes into said syringe thereby sizes said Eposomes. 

104. A gaseous precursor containing liposome apparatus comprising a barrel, a filter assembly, and a needle, said 
filler assembly fitted between said barrel and said needle and comprising at least one filter, said barret containing 
temperature activated gaseous precursor-filled microspheres prepared by a method of shaking an aqueous solu- 
tion comprising a lipid In the presence of a gaseous precursor at a temperature below the gel state to liquid crys- 
talline state phase transition temperature of the lipid. 

105. The apparatus of feature 1 04 wherein said filter assembly is a cascade filter assembly comprising a first filter, 
having a needle size and a ban-el side, and a second filter, a first metallic mesh disc and a second metallic mesh 
disc on said needle and said barrel sides of said first filter, an O-ring between said second metallic mesh disc and 
said second filter, said second filter spaced 1 50 urn on the barrel side of said first filter. 

106. The apparatus of feature 105, said first filter and said second filter having pores, said second filter having a 
pore size of about 1 0 um and said first filter having a pore size of about a um. 



107. The apparatus of feature 104, wherein said filter has pores, said pores having a size in the range of about 
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30 nm to about 20 microns. 

108. The apparatus of feature 104. wherein said filler has pores, said pores having a size of about 8 urn. 

109. The apparatus of feature 104. wherein said filter has pores, said pores having a size of about 0.22 urn 

1 10. The apparatus of feature 102 having a first filter and a second filter, said first filter and said second filter having 
pores, said second filter having a pore size of about 10 um and said first filter having a pore size of about 8 urn. 



112. The apparatus of feature 102. wherein said filter has pores, said pores having a size of about 8 urn. . 

113. The apparatus of feature 102. wherein said filter has pores, said pores having a size of about 0.22 urn. 

114. The apparatus of feature 103 having a first filter and a second filter, said first filter and said second filter having 
pores, said second fitter having a pore size of about 10 um and said first filter having a pore size of about 8 urn. 



116. The apparatus of 

117. The apparatus of feature 103. wherein said fitter has pores, said pores having a size of about 0.22 um. 

118. The method of feature 1 performed at a pr 

119. The method of feature 37 performed at a | 

120. The gaseous precursor-filled liposomes of ctaim 72 for use with a nebulizer, said liposomes ta 



122. The gas-filled liposomes of feature 121 wherein said fluorinated gas is selected from the group consisting of 
fluorine gas, 1-fiuorobutane. hexafluoro acetone, tetraftuoroaltene. boron trifluoride. 1,2,3-trichtoro, 2-ftuoro- 
1,3-butadiane, haxafiuoro-1 .3-butadiene. 1-fiuoro-butane. 1,2,3-bichloro, 2-8uoro-1,3-butadiene; hexaftuoro- 
1.3-butadlene; 1-fluoro-butane; decafluoro butane; perfluoro-1-butene; perfluorc-1 -butane; perfluoro-2-butene; 



,1,2-uich!c^1,2.24rrBurjioe^ 
ethane; 1-cfuoro-1.1A2^-pentafluoro ethane; 2-chloro, 1,1-difluoroethane; 1-cWoro-1,1,2,2^etrafluoro ethane: 
2-chtoro. 1.1-oTfluoroethane; chloroperrtaflucro ethane; dichlorouifluoroethane; ftuoroethane; haxafluoro-ethane; 
nitro-pentafkioro ethane; nitroso-pentafluoro ethane; perfluoro ethane; perfluoro ethyiamine; 1,1-cTchloro-l^-dif^ 
luoro ethylene: 1.2-difluoro ethylene; methane-sulfonyl chlorlde-trffluoro: methanesutfonyl fiuoride-triftuoro; meth- 



troso-trifluoro; methane-tetrafluoro; methane-trichlorofluoro; m 

pantane-perfluoro; 1-pentane-perfluoro; propane- 1, 1. 1. 2, 2. 3-hexafluoro; propane-2,2 diflu'oro; propane-hep^ 
taftuoro-1-fiitro; propane-heptafluoro-1 -nitroso; propane-perfluoro; propyi-1 ,1 ,1 ,2,3.3-hexaftuoro-2,3 dlchtoro: pro- 
pytene-3-fluoro; propylene-perftuoro; propyne-3,3,3-trifluoro; styrene-3-fluoro; sulfur hexalluortde; sulfur (di)-de- 
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125. The liposomes of feature 124 wherein said fluorinated gas is selected from the group consisting of perfluor- 



126. The liposomes of feature 125 wherein said fluorinated gas is perfluoropropane. 

127. The liposomes of feature 121 wherein said fluorinated gas is a perfluorocarbon gas. 



said perfluorocarbon gas is selected from the group consisting of 



1 30. The liposomes of feature 129 wherein said perfluorocarbon gas is perfluoropropane. 

131 A method for preparing gas-filled microspheres comprising shaking an aqueous solution comprising a lipid 
in the presence of a fluorinated gas at a temperature below the get slate 10 liquid crystalline state phase transition 



132. The method of feature 131 wherein said fluorinated gas is selected from the group consisting of fluorine gas, 
1-fHiorobutane. hexafluoro acetone, tetraffuoroatlene, boron trifluoride, 1 £,3-trichtoro. 2-fluoro-1 ,34>utadieiiB, hex- 
afluoro-1.3*utadfene, 1-fluoro-butane. 1,2.3-trichlora. 2-fluoro-1,3-butadiene; hexafluoro-1.3^utadiene: 1-ftuor- 
iwn>1-butene;r^uoro-1-buteM^ 

e; octafluoro-cyctobutane; perfluoro-cyctobutene; perfluoroethane; perfluoropro- 



; 1,1,1-trifluoroethane; 1,1,2,2-tetrafluoroethane; 
1.U^ricntoro-1,2.2-trHluoroethane: 1,1-dichloro-U^-tetrafluoro ethane; 1.2-difluoro ethane; 1-chloro- 
1.1.2.2.2-penlafluoro ethane; 2-chloro. 1.1-difluoroetharte; 1-chforo-1.1.2.2-tetrafluoro ethane; 2-chloro, 1,1-dif- 



» cnloro-fluoro; methane- 



tane-perfluoro; proparte-1, 1, 1. 2, 2. 3-hexafluoro; propane-2.2 difluoro; propane+eptafluoro-1-nitro; propane- 
heptafluoro-1-nitroso; propane-perfluoro; prorjyM.1.1.2,3,3-hexafiuoro-2,3 dichtoro; propylene-3-fluoro; propyt- 
ene-perfluoro; propyne-3.3.3-trifluoro: styrene-3-fluora; sulfur hexafiuoride; sulfur (diXJecafluoro; Irffluoroace- 



afluorobuta-1.3-diene. octafluorocydopentene. 
133. The method of feature 1 32 wherein said fluorinated gas is selected from me group consisting of fluorine gas, 
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134. Tha method of feature 133 wherein said Ruorinated gas is selected from the group consisting of perfluor- 
omettiane. perfluoroethane. perfluoropropane, perfluoro butane, perfluorocyctobutane. and sulfur hexafiuoride. 

135. The method of feature 134 wherein said ftuorinated gas is selected from the group consisting of perfluoro- 



136. The method of feature 135 wherein said Ruorinated gas is perfluoropropane. 

137. The liposomes of feature 1 31 wherein said fluoridated gas is a perfluorocarbon gas. 

138. The liposomes of feature 137 wherein said perfluorocarbon gas is selected from the gi 
perduoromethane, perfluoroethane. perfluoropropane. perfluorobutane, and perfluorocyctobutane. 

139. The liposomes of feature 138 wherein said perfluorocarbon gas Is selected from the group consisting of 



140. The liposomes of feature 139 wherein said perfluorocarbon gas is perfluoropropane. 



141. A method for preparing gas-filled lipid microspheres comprising shaking an aqueous solution comprising a 
lipid, in the presence of a fluorlnated gas. and separating the resulting gas-fated lipid microspheres for diagnostic 



142. The method of feature 141 wherein said fluorinated gas is selected from the group consisting of fluorine gas. 
4 "' ' " "" ""e.1i3^ricWoro.2-fluoro-1.3^lutadiene.hex- 




; 1.1.1-trifluoroethane: 1 .1 ,2^-tetrafluoroethane; 

Jfluoro ethane; 12-difluoro ethane: 1-chtoro- 

1,1,2.2.2-pentafiuoro ethane; 2-chtoro. 1.1-cfifluoroethane; 1-chloro-1.1^-tetrafluoro ethane; 2-chtoro. 1,1-dff- 




ie-1. 1. 1. 2. 2. 3-hexafhKro; propane-2.2 difluoro: propane-heplafluoro-l^ltro; pro- 
>; propane-perRuoro; propyt-1.1,1,2.3,3-hexafluoro-2.3 dichtoro; propytene-3-fluoro; 
•**■-— " "e; sulfur (di><lecafluoro; b 




144. The method of feature 143 wherein said fluorinated gas is selected from the group consisting of perfluor- 
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145. The method of feature 144 wherein said fluorinated gas is selected from the group 
propane, perfluorocydobutane. and perfluorobutane. 

146. The method of feature 145 wherein said fluorinated gas Is perfluoropropane. 

147. The liposomes of feature 141 wherein said fluorinated gas is a perDuorocarbon gas. 

148. The liposomes of feature 147 wherein said perfluoiocarbon gas is selected from the 



consisting of perfluoro- 



149. The liposomes of feature 148 wherein said perRuorocarbon gas is selected from th. 
perfhioropropane, perfluorocyctobutane. and perfluorobutane. 

150. The liposomes of feature 149 wherein said perfluorocartwn gas is perfluoropropane. 



group consisting of 



1. A method of preparing gas-filled lipid 



. an aqueous solution comprising a lipid in 
activated gaseous precursor, and thereafter allowing the temperature of said 



a liquid to gas phase transition temperature of -100° C to 70 6 C. 
2. The method according to Claim 1 wherein said shaking is performed with said aqueous solution at a temperature 



3. The method of any preceding daim. wherein said temperature activated gaseous precursor, after activation to a 
gas. comprises at least about 50% of the Interior volume of said Bpfd microspheres. 



The method ao 
group of betwet 


sorting to any preceding claim wherein said lipid c. 
m 2 to 30 carbons. 


jmprises an aliphatic compound with an aDcyl 


The method act 


ording to any preceding dalm wherein said lipid eo 


mprises a phospholipid. 


The method acc 
phcsphatidytche 


srding to Claim 5 wherein said phospholipid is selected from the group consisting of dipalmttoyt- 




The method aco 




xi to polyethylene glycol. 


perature activate 


ording to any preceding claim further comprising th 
>d gaseous precursor-fated lipid microspheres for d 


agnostic or therapeutic use. 


The method acc 


ording to any preceding daim. wherein said shaW 


ig is performed under conditions of elevated 


to gas phase transition temperature of about 37»C. 



vt is selected from the group consisting 



perfluorocydobutane. 
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13. The method according to 



14. The method according to dalm 13. wherein said perfluorocarbon is perituoropropane. 

15. The method according to any preceding daim wherein said lipid microspheres comprise liposomes. 

16. Gas filled lipid microspheres obtainable by a method according to Bny of Claims 1 to 1 5. 
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